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ABSTRACT 
Enrichment Planting of Native Species in Hong Kong 
Thesis submitted by CHAN, Fong Fiona 
for the degree of Master of Philosophy 
at the Chinese University of Hong Kong in August 2001 
This study investigated the enrichment planting of 50 native species on two 
fire-affected grassy slopes in Hong Kong, with special emphasis on species-site 
interaction. The objectives of the study were threefold: (a) to examine the properties 
of the disturbed soils; (b) to investigate the survival rate and growth performance of 
the planted species; and (c) to examine the use of foliar analysis in the screening of 
species for restoration planting. The species were separately planted on two trial 
pots of similar geology, soil type, vegetation and aspect in April 1994. 
The soils belonged to sandy clay loam, with an average bulk density of 1.47-
1.56 g/cm^ porosity 41.2-44.7% and penetration resistance 1.84-2.84 Mpa. Soil 
reaction pH averaged 4.37-4.79, and the exchange sites were dominated by 
exchangeable A1 amounting to 6.13-8.77 cmol/kg. 
The soils contained low levels of organic matter (1.31-3.70%) and total 
Kjeldahl nitrogen (0.04-0.09%). Mineral nitrogen averaged 0.41-0.77 
accounting for less than 1% of the total nitrogen pool. Available phosphorus 
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amounted to 1.10-7.83 [i/g compared to the total phosphorus content of 24.02-
55.64 \x/g. The exchangeable bases of K, Na, Ca and Mg ranged 0.04-0.85 cmol/kg, 
equivalent to 3-13% of the effective cation exchangeable capacity. Overall, the soils 
were strongly acidic in reaction, deficient of nitrogen and phosphorus, infertile and 
contained toxic levels of Al. 
After 5 years of growth, only 18.3% of the planted species survived on the 
grassy slopes. Reevesia thyrsoidea yielded the highest survival rate of 70.5%, being 
followed closely by Schima superba at 70%. Ten of the 50 species died completely. 
The 5-year-old species recorded an average height of 23.0-238.3 cm and a 
basal diameter of 6.0-54.9 mm. Schima superba, Reevesia thyrsoidea, Tutcheria 
V' 
spectabilis, Litsea cuheba and Myrica rubra were the fastest growing species, with 
an increment rate of 34.3-44.8 cm/yr in height and 6.6-12.0 mm/yr in basal 
diameter. Conversely, Cinnamomum camphora and Celtis sinensis were the slowest 
growing species. The survival rate of the species was positively correlated with 
height (r2=0.512) and basal diameter (R^-0.375). Other factors likely to affect 
growth of the species were competition from weeds and the poor soil conditions. 
The faster growing species contained lower levels of K, P, Ca, Fe and, to 
some extent, N in their foliage. Many of them were also acid soil indicator plants, 
which accumulated more Al and Mn than the average species. Foliar analysis can, 
therefore, supplement survival rate and growth rate in the screening of species for 
restoration planting. Several rules governing the selection of species can be 
generalized from this study, including (a) avoidance of slow growing, nutrient 
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demanding, late-successional species from the established feng shui woods; (b) 
avoidance of rare species or species of restricted distribution in their natural 
environment; (c) selection of acid soil indicator plants; and (d) selection of fast 
growing, shade-intolerant, high efficiency nutrient use species of the secondary 
forests. In this regard, species from the Lauraceae and Theaceae families are likely 
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This thesis investigated the performance of native tree species planted on fire-
affected slopes in Hong Kong, and generated some criteria for the selection of species 
in rehabilitation planting. 
Forest provides not only valuable resources for human beings but also regulates 
essential processes in the maintenance of ecosystems (Posstel and Heise 1988). In the 
tropical region forests are especially the centers of distribution and species diversity 
(Soepadmo 1995). They shelter great amounts of wildlife species, provide vast amount 
of valuable productions and are vital in regulating local, regional and global climate. 
However, large expanse of tropical forests have been cleared by mankind and land 
degradation has become a common problem in the present world (Lanly 1995; Lugo 
1995). 
Hong Kong lies on the southern coast of China. It is 125 km south of the Tropic 
of Cancer, between latitudes 22�9'N and 22�37'N，and longitudes 113°52'E and 
114�30'E，at the northern limit of the humid tropics. With close resemblance in climate, 
geology and flora. Hong Kong is an extension of the south China ecological region 
(Thrower 1975a; Chang et al., 1989). The natural vegetation found in the tropical zone 
of China includes tropical evergreen forest in the sheltered valleys, semi-evergreen 
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forests on low lying areas, subtropical evergreen broadleaf forests on undulating hills, 
and monsoon forests in the western hinterland (Carey 1996). These habitats are 
, biologically rich and diverse in species composition but very fragile upon disturbances 
by man. Similarly, the original habitats of Hong Kong were equally rich and diverse, 
and possessed vegetation with tropical characteristics. Of the 2,815 native and 
introduced plant species recorded in Hong Kong (Annon. 1993), 1996 species and 
varieties are native vascular plants, among which 390 are tree species (Zhuang et al. 
1997) 
The present natural habitats in Hong Kong are highly fragmented as a result of 
excessive cutting (Nicholas 1996), hill fire (Thrower 1984a)，as well as rapid economic 
and urban development since the 1950s. Forests are either reduced to bare slopes and 
grassland or changed to other land uses. These changes upset the balance of ecosystem, 
aggravate environmental quality and reduce species diversity. To achieve ecological, 
social and economic sustainability of land use, proper management and rehabilitation of 
the degraded lands are necessary. In this regard, enrichment planting of native spices 
represents a useful tool in the establishment of forest species which otherwise cannot 
invade the disturbed open sites (Singh and Tripathi 1992). In Hong Kong, the shift to 
native species is also necessitated by the prolonged use of exotic species in 
reforestation planting, which maintains a constant threat to wildlife resources. Besides, 
there has been an outcry from green groups to preserve indigenous species and to 
enhance biodiversity since the Rio Summit on Environment in 1992 
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1.2 The Problems 
In Hong Kong, excessive cutting, fire and erosion have reduced the vegetation 
to badlands, grasslands and a mixture of grassland and shrubland. Patchy forests of 
secondary growth are only found in sheltered valleys (Daley 1975; Catt 1986) while 
remnants of the protected feng shui forest occur behind traditional villages (Chau and 
Marafa 1999a). 
Between the period 1870-1940，pines {Pimis massoniana) were planted on 
hillside slopes for amenity purpose and to provide timber and fuel, the demand of which 
declined gradually with time. During the occupation of the territory by the Japanese in 
1941-1945, large expanse of forests -was felled for timber and fliel. The situation 
improved after the wars as there were strict controls over deforestation, accompanied 
by systematic reforestation since the 1950s. Conservation in the form of nature reserves 
and country parks has also been established since the 1970s. 
As of to date, rapid urban development has changed the landscape of Hong 
Kong. Hills are removed and the waterfront reclaimed to accommodate infrastructure 
development. Yet anthropogenic hill fire remains the single most significant agent of 
vegetation destruction in the countryside (Daley 1975; Thrower 1984a; Chau 1994; 
Yau 1996). The main causes of fires are weeding, grave sweeping during the Chung 
Yeung (October) and Ching Ming Festivals (April), burning of "Hung Ming" lanterns 
during the Mid-Autumn Festival, setting of picnic fires and discarding of cigarette butts. 
There were 181 outbreaks of hill fire inside or in the vicinity areas of country parks 
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affecting 74,000 trees in the fire season of 1995-1996. One particular fire burned for 
over 27 hours in December 1996 and damaged 420 hectares of land, affecting about 
25,000 trees (Agriculture and Fisheries Department 1996 & 1997). The peak time of 
fires is usually the dry seasons coinciding with the autumn grave sweeping festival. The 
extent and severity of fire impacts varies spatially and temporally. The Tai Mo Shan 
areas (major grave sweeping site) are basically fire-maintained while other areas such as 
Tung Chung on the Lantau Island are only fire-affected. 
Apart from vegetation removal and depletion of biodiversity, sequence of 
erosion and site degeneration usually occur after the passage of fire. The impacts are 
especially severe if the fire is followed by heavy summer rains; the exposed topsoil will 
be quickly washed away. Over-use and destruction of plant cover by trampling, cutting 
or pulling-up can also occur in areas frequently visited by people (Thrower 1975a & 
1984). In areas of heavy recreational usage, regeneration and invasion of the native tree 
species are not possible. 
As a result of continuous habitat destruction, the land is degenerating and 
biological richness is low. The original forest vegetation of Hong Kong has turned into 
diverse landscapes of grassland, scrubland and woodland (Thrower 1975a; Thrower 
1984a; Catt 1986; Dudgeon and Corlett 1994). The four types of forest remaining are 
semi-natural forests, feng shui wood, enriched forest and completely planted forest 
(Thrower 1975a; Catt 1986). Remnants of the original vegetation, feng shui woods, 
can be found in protected areas behind old villages and temples where they are retained 
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by Chinese traditions (Anon. 1993a; Carey 1996; Zhuang and Corlett 1997; Chau and 
Marafa 1999a). 
The woodland succession is arrested and degraded into scrubland and grassland 
(Figure 1.1) (Zhuang 1997). High frequency fire limits the succession of scrubland, 
which has become a typical climax community on the exposed hill slopes. The soils 
underneath are strongly acidic and infertile. The resultant pyrogemc communities are 
often dominated by fire-adapted species typical of grassland and scrubland (Hodgkiss et 
al 1981; Chang et al. 1989). 
Natural grassland is not a climax vegetation under the hot humid climate of 
Hong Kong (except offshore islands). Owing to the effect of repeated burning, a large 
expanse of the countryside is also dominated by fire-maintained grasslands (Thrower 
1975a). The successive fires prevent re-growth of slow-growing shrubs and trees. 
Therefore, the simplified community structure reduces the wildlife diversity especially 
the animals that are irrevocably tied to the regeneration of woodland communities. 
Moreover, the soils are not well protected by the sparse vegetation cover, resulting in 
severe erosion and the formation of gullies and badlands in northwest New Territories 
(Tsang 1997). 
There are plenty barren hill slopes awaiting restoration in the territory. The 
rugged and hilly areas cover more than 800 km^ of Hong Kong, representing 80% of 
the total land area (Grant 1986). These hills are usually degraded, covered by a layer of 
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Figure 1.1 Succession of vegetation in Hong Kong 
(Source: Thrower 1970，Hodgekiss et al 1981 and Chang et al 1989) 
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thin and infertile soil and patchy vegetation. They are of little economic and 
conservation values, yet are the most suitable sites for reforestation (Grant 1960). 
However, species selection and the strategy of restoration are always issues of 
controversy m effective forest management (Montagnini and Sancho 1990; Evans 1992; 
Lugo 1992 & 1997). On the one hand, species used m plantation must meet the specific 
requirements of the local people; namely, economic purposes like timber and firewood 
use，environmental protection for soil erosion and flooding, agroforestry development 
and conservation. On the other hand, species planted must be able to establish on the 
specific environment. 
The purpose of forestry in Hong Kong is solely for conservation and amenity, 
particularly in the country parks and protected areas. Yet the objectives of reforestation 
have changed with time (Thrower 1987; Anon. 1993b; Corlett 1997). Prior to World 
War II，timber and firewood production was the main concern. After the war，there was 
change of forestry policy from production to hill slope protection and water 
conservation near the reservoirs. Amenity planting for conservation and recreation 
purposes has begun since the establishment of the country parks in 1976. Apart from 
conservation in country parks, the ecological role of plantation is becoming more and 
more important since the 1990s. Despite the broad objectives and vast number of local 
tree species, there are no clear guidelines for species selection and only limited number 
of tree species have been used so far. 
In the selection of species, rapid growth rate is considered more important than 
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quality and ecological attributes of the vegetation. The successful plantation in the past 
was the native pine, Pinus massoniana (Zhuang 1997; Corlett 1999). It is, however, 
not an ideal cover for the soil because its litter is very acidic. Soil acidification will 
occur underneath the pine canopy, leading to a loss of the plant nutrients (Ross 1989). 
After the war, more broadleaf trees have been used in the reforestation work. Although 
a few native species had been tested, the exotic species of Eucalyptus rohusta, 
Lophostemon confertus and Pinus ^//zom7,were still dominated the list. This is because 
exotic species are available commercially but not the native species. We know very little 
about the seed source, germination and growth requirements of the native species. 
Native species are also less competitive than the exotic counterparts on severely 
degraded sites (Lambl998; Corlett 1999). 
Use of exotic woody legumes and mixed planting of exotic and native broad-
leaved species have increased since the mid-1980s. The most popular species are 
Acacia auriculiformis, A. confusa, A. mangium and Casuarina equisetifolia, all of 
which have a capacity to fix atmospheric nitrogen (Tsang 1997; Corlett 1999). Among 
these, the exotic woody legumes have been tested on fill and engineering slopes as a 
site remedy after excavation activities. As pioneer species for early ecosystem 
rehabilitation, their growth performance and soil ameliorative effects had been 
examined by Fung (1995) and Tsang (1997). 
Nowadays, the green groups have been pressing for the plantation of more 
native species. Plantation of native species in Hong Kong is rare and small in scale; they 
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were merely tested in small plots. Besides Pinus massoniana, Castanopsis fissa and 
Schima superha have been trialled out with considerable success (Corlett 1999). 
Despite this, very little is known about the management prescription of native species. 
There is an urgent need to accumulate information and knowledge on the use of native 
species in restoration planting. The purposes are to preserve biodiversity, attract 
wildlife and enhance development of the native forest. 
As one of the biggest and most important infrastructure projects in Hong Kong, 
the Chek Lap Kok New Airport also brought about for the first time a detailed 
environmental impact assessment (EIA). The construction of the new international 
airport necessitated the levelling of two remote islands and much of the northern coast 
of Lantau Island, formerly rich in wildlife (Greiner-Maunsell, 1991). Besides the 
mangrove, the other significant loss is the woodland and scrubland, which are now the 
major habitats for native wildlife and resources in Hong Kong. According to the New 
Airport Master Plan-EIA Report, compensatory planting of native woodland on North 
Lantau was proposed to make up for the loss of ecological habitats. As a result, the 
hillside slopes of Tai Po in Tung Chung were chosen as the site for compensatory 
woodland planting. Sixty hectares of woodland had been created in this compensatory 
woodland project since 1994. It is the largest native species plantation ever attempted 
in Hong Kong, involving 50 different species. The compensatory project was 
implemented and managed by the then Agriculture and Fisheries Department (AFD). A 
total of about 345,000 tree seedlings were planted in 1994. In addition, 78,000 
seedlings were planted for beating up purpose (Lay et a!., 1998). 
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1.3 Conceptual Framework 
The survival and growth performance of plants are affected by environmental 
and biological factors. The main environmental attributes are endaphic factor (including 
both physical and chemical influences), light, water, temperature and air. Indeed, plant 
expresses its response to climate through the medium soil at a given location 
(Sivakumar et al. 1992). In South China, light is normally not a limiting factor for plant 
growth, while nutrients, water, temperature, air and mechanic supports of soils do play 
significant role for proper growth. Biological factors include species physiology and 
interactions with other species in the environment. On a holistic scale, rainfall and 
temperature, affecting and linking with endaphic factors, are the dominant factors 
affecting the growth of vegetation. 
As aforesaid, fire is another limiting factor on the growth and succession of 
vegetation in Hong Kong. The short-term effects of fire on ecosystem will be selective 
removal of vegetation and alteration of soil properties, but the long-term effects will be 
on plant community structure and development of ecosystem (Hodgkiss et al 1981; 
Chau 1994). According to Aber's (1993) classification of disturbed landscapes (mild, 
moderate and severe), the fire-affected slopes in Tung Chung belongs to the mildest 
category where only the vegetation is removed while the soil remains intact. The fire-
disturbed land will recover gradually in the absence of fires. However, human mistakes 
will perpetuate the occurrence of fire, which prevents normal vegetation succession. 
Perhaps the best solution is to assist natural processes with proactive planting to 
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accelerate ecological succession. 
To repair the damage caused by repeated burning, it is essential to understand 
the characteristics of the disturbed landscape and its direction of succession to healthy 
conditions (Jordan HI et al 1993). 
Although there are many fire-adapted species on the hillside slopes of Hong 
Kong, succession never stops at the grassland or shrubland stage. It is believed that the 
original climax vegetation of Hong Kong was semi-evergreen forest (Thrower 1975; 
Catt 1986) or subtropical evergreen broadleaved forest (Chang et al. 1989). The climax 
communities are dominated by oaks and laurels of the Fagaceae and Laureceae 
families, respectively. The succession pattern of the vegetation follows that of the lower 
subtropical forest, with grassland, scrubland and woodland related to one another in the 
successional ladder (Figure 1.1) (Thrower 1975b; Chang et al 1989; Zhuang 1993). 
The transition is from the bare ground of creepers and grasses to grassland, from 
grassland with shrubs to scrubland with trees and finally to woodland communities. The 
process is reversed in the presence of fire. 
Reforesting degraded site requires a careful analysis of the soil, climate and 
botanical data. Soils of degraded hillside are usually poor, and the tough and thick 
leaves of some dominant species like Gordonia axillaris and Rhodomyrtus tomentosa 
indicate mechanisms much needed for water conservation (Thrower 1975a). Tree 
seedlings of the next successional stage are usually present in the soil of scrubland and 
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grassland. When the soil condition is altered or improved by the existing vegetation, 
these tree species will take over and dominate the community (Thrower 1984a; Lugo 
1992; Chau and Marafa 1999a). 
Recovery of forest ecosystem can be accelerated by enrichment planting on the 
degraded forest sites, which involves the planting of seedlings propagated in nursery or 
saplings of chosen species in gaps or vacant space m the existing vegetation (Singh and 
Tripathi 1992). With proper species selection, proactive planting of degraded land will 
speed up the succession (Chan and Thrower 1990; Lugo 1992; Parrotta 1997). The 
selection of species depends on soil type, size of site, and species availability. Species 
with known provenance are always preferred to avoid problems of poor growth and 
unpredicted ecological dilemma (Evans 1992; Harris et al 1996). Enrichment planting 
with native species helps to preserve the biodiversity of local flora and fauna. These 
species are usually more valuable resources and have higher social esteem. 
Unfortunately, apart from a few local studies (e.g. Fung 1995; Tsang 1997) on 
the rehabilitation planting of exotic legumes, there is practically no information on 
native species plantation. Will all the 50 species planted in Tung Chung survive? Will 
there be any differences in growth performance among them? What are the most 
suitable species that can be used to restore the barren hills or degraded sites in Hong 
Kong? What rules can we generate from the compensatory woodland project involving 
only the use of native species? 
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1.4 Objectives of the Study 
As plant expresses its response to the environment through the medium soil at a 
given location (Sivakumar et al 1992)，the present research dealt with enrichment 
planting on fire-affected slopes. It belongs to the mildest type of land disturbance and 
shall cause little hindrance to establishment of native species communities because the 
growing conditions may be close to those in the undisturbed communities (Aber 1993). 
However, hill fire is a recurrent problem in Hong Kong (Daley 1975; Hodgkiss 1986; 
Chau 1994) and there is little information about its impact on soil, especially the 
cumulative impact arising from repeated burning. Will the soil of the fire-affected site at 
Tung Chung pose any problems to enrichment planting? 
Although Hong Kong has a long history of plantation practice, majority of the 
species planted are exotic. The value of native species to wildlife and the people is often 
neglected. There exists a knowledge gap in the use of native tree species in amenity and 
conservation planting. According to Hou (1954), acid soil indicator plants are abundant 
on the hillside slopes of South China and Hong Kong, including Dicranopteris linearis, 
Rhododendron spp., Baeckea frutescens and Rhaphiolepis indica. These species can 
tolerate low fertility soil and accumulate high levels of Al and Mn. Some of the native 
species planted in Tung Chung such as Rhaphiolepis indica and Schima superba are 
also acid soil indicators. Will species that accumulate high concentrations of Al and Mn 
in their foliage be suitable for plantation in this tropical environment? Knowledge of this 
is also helpful in the selection of species for restoration planting. 
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Since the choice of species will greatly influence land rehabilitation rate and 
processes (Lugo 1988; Parrota 1992; Brads haw 1993), it is also necessary to know 
whether the survival and growth of species is related to their successional stage of 
development in the community. Recognizing the above gaps of information, the study 
investigated enrichment planting of native species on degraded hill-side slopes with the 
following specific objectives: 
(1) to examine the biophysical environment of fire-affected slopes; 
(2) to investigate the survival rate and growth performance of the restored native 
trees; and 
(3) to examine the foliage composition of the restored native species and the 
original vegetation in order to establish criteria for the selection of species in 
enrichment planting. 
1.5 Significance 
This research is significant in four aspects. First and foremost, the findings will 
partly fill the knowledge gap of not knowing the potentials of native species in 
ecological restoration in Hong Kong. Fifty native species were planted and through 
systematic monitoring of their survival rate, height and basal diameter growth, it is 
possible to identify the best growing species that would have the potentials for wider 
use in the territory. 
Second, the study also examined the foliage composition of acid soil indicator 
plants and compared the results against that of the native species in an attempt to work 
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out some guidelines for the selection of species in restoration planting. 
Third, results obtained m this study would be of practical relevance to the 
management of native woodlands in Hong Kong especially during their early stage of 
growth. It would also shed light on the possibility of employing enrichment planting to 
speed up the regeneration of native forest in Hong Kong. 
Fourth, since the woodland compensatory project is a mitigation of the airport 
EIA, the study itself is reminiscent of an environmental management audit (EM & A) of 
the process. This will add experience to the implementation of EIA in the territory. 
1.6 Organization of the Thesis 
The thesis consists of seven chapters. Chapter 1 examines the problem of forest 
depletion, followed by a review of the history of reforestation in Hong Kong. It also 
outlines the conceptual framework and objectives of the study. Chapter 2 is a literature 
review，with special emphasis on ecological rehabilitation. Chapter 3 gives a description 
of the geology, soil and vegetation of the study area, setting out a framework for the 
understanding and assessment of the problem in subsequent chapters. Chapter 4 
examines the inherent properties of the degraded hill soils in Tung Chung. Special 
attention is paid to the nutrient-supplying capacity of the soil, the properties of which 
are also affected by repeated fires. Chapter 5 investigates the survival rate, height and 
basal diameter growth of the restored native species. An analysis of the 
interrelationships between survival rate, height growth and basal diameter increment 
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will also be provided, in an attempt to elucidate physiological control of the species on 
enrichment planting. Chapter 6 examines the foliage nutrient composition of the 
restored species, and the results will be compared against that of the existing species on 
the degraded site. The purpose is to ascertain if a relationship exists between the foliage 
composition of the restored species and nutrient status of the soil. Chapter 7 is the 
concluding chapter which summarizes the findings and then implications, followed by a 
review of the limitations in this study. Suggestions are also made for future study to 





Not understanding the value of the natural system and the roles of every 
component within an ecosystem, man's exploitation instead of cooperation with nature 
has created many chaos and unbalanced systems. In recent years, rehabilitation of the 
ecological system has been given tremendous attention by ecologists, especially after 
the Earth Summit on Environment in 1992, in which the issue of sustainability and 
biodiversity was deliberated. Ecological rehabilitation enhances environmental 
protection, biodiversity conservation and sustainable development. In addition, it gives 
heuristic implications on ecological theories (Harper 1993). 
Ecology starts with field observations while experiments help to establish the 
causes and effects for ecologists. Predicting responses of ecosystems to perturbation is 
not easy and it requires close intimacy with nature. Some visible patterns in the wild 
world in most cases are results of multi-factor interactions, and can only be viewed in a 
holistic way. Traditionally, rehabilitation of damaged lands was simply a technical 
problem tackled by civil engineers. The goals of treating a damaged land were simply to 
stabilize land surface, control pollution, reduce visual impact and for general amenity 
(Bradshaw 1993). From observation and theory to practice, ecologists have paid 
attention to in situ biological rehabilitation recently. Understanding that vegetation is 
playing a key role in returning the land its living force, increasingly more plant species 
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are used to rehabilitate damaged lands in order to reconstruct the self-sustaining 
ecosystems. 
Ecosystem rehabilitation provides a direct test of key ecological theories and 
ideas. To repair something, we need at least to know what is the nature of damage and 
how to put things appropriately (Bradshaw 1993; Harper 1993). Although the living 
systems do have considerable power of self-repairing, the problems cannot be solved 
under variable conditions unless the principles of the process is well understood. The 
prevailing ecological theories state that: (a) the stability and resilience of a community 
increase with increasing species diversity; b) the habitat modification by the early 
species in a way favors later inhabitants; and c) later inhabitants are those that can 
exclude the earlier forms (Mcintosh 1980; Beg on et al 1990). In this sense, our lack 
of in depth understanding of nature can lead to failure of the rehabilitation. It is hoped 
failures will always give ecologists the opportunity to re-adjust the ecological theories 
leamt from the very nature. 
As an ecological system always progresses towards a dynamic equilibrium, it is 
subjected to the combined effects of time, environment and organisms (Begon et al 
1990; Odum 1993). What appeared in the past in one area may not necessarily reappear 
in the same area. Therefore, the function of the ecosystem should first be restored, then 
its productivity, species diversity and composition (Ewel 1993; Hobbs and Norton 
1996). The direction of restoration work is not to rote copy nature's external 
composition, but to follow nature's function and facilitate it accordingly (Jordan et al. 
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1993). Ewel (1993) has suggested certain criteria for successful ecological 
rehabilitation. These criteria are based on the function of an ecosystem, namely 
sustainability, resistance to invasion of exotic species, productivity, nutrient retention 
ability and effects of the biotic interactions. In a self-sustaining ecosystem, the key 
species of functional groups like plants, animals and microbiota, and the nutrient and 
hydrologic cycles run efficiently (Brown & Lugo 1994). Therefore, the goal of 
ecological rehabilitation is to accelerate successional processes in order to increase 
biological productivity, reduce soil erosion, increase soil fertility and increase biotic 
control of the biogeochemical fluxes within the system (Parrotta 1992). 
2.2 Ecological Rehabilitation 
There are four kinds of ecosystem repair options; namely, restoration, 
rehabilitation, further degradation and replacement (Bradshaw 1993; Lugo 1988; 
Brown and Lugo 1994). In natural succession there is an increase in complexity of the 
structure and function of an ecosystem. If the degraded ecosystem is allowed to recover 
by natural processes, it may do so slowly or degrade further, depending on the severity 
of the disturbances. 
The recovery of the degraded ecosystem to its original state with exactly the 
same composition or functions, is referred to as restoration. However, the real 
restoration stage is usually difficult to achieve especially in the present ever-changing 
world. The usual achievement is the rehabilitation stage, the functional recovery of the 
ecosystem. Ecological rehabilitation is therefore defined as the return of damaged or 
19 
degraded ecosystem to a fully functional one, irrespective of the original state or 
structure of the ecosystem (Bradshaw 1993; Lugo 1988; Brown and Lugo 1994). 
Enrichment planting is a kind of plantation that attempts to introduce desired 
tree species to the cleared gaps or lines in the degraded forests along with the existing 
individuals. It is sometimes practised at the degraded sites such as forests after logging 
or fire (Evans 1992; Singh and Tripathi 1992; Primack and Lovejoy 1995; Montagnini 
et al 1997). 
Further degradation is the resultant case that the land receives no remedy and 
suffers continuous stresses (Lugo 1988). - Replacement is the state where the structure 
of the ecosystem becomes totally changed either desirably with human design (e.g. a 
grassland changing to agricultural tree crop) or non-desirably (e.g. a forest changing to 
grassland) (Lugo 1988; Bradshaw 1993). 
2.3 Definition of Exotic Species and Native Species 
Exotic species are defined as species introduced by man accidentally or 
deliberately to areas outside their original geographical range. Naturalized species are 
exotic species that have spread from their original sites and established a self-sustaining 
population through several generations without direct human intervention (Corlett 
1992). Native species are species which occur naturally or indigenous to a particular 
area (Dudgeon and Corlett 1994). 
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2.4 Forest Degradation 
2.4.1 Present situation of tropical forests 
Vegetation in the form of forests conserves most biological diversity and 
resources in the terrestrial environment, especially m the tropical region, and they are 
also important bases for human life and development. However, it is difficult to identify 
significant areas of vegetation in the world which have not been modified by humankind 
(Harris et al 1996)，through activities such as mining, intensive farming, commercial 
logging, fire, fiielwood gathering and development. 
Today, about 1 -2% of the world's tropical forest areas is cleared every year, 
principally for agriculture, and a large -additional area is degraded by uncontrolled 
logging, firewood collection and burning (Lanly 1995; Lugo 1995). The principal 
driving forces for forest degradation and deforestation are population growth, poverty, 
landlessness and consumer demand (Postel and Heise 1988). Recent FAO estimates 
indicate that during the period 1981-1990, 17 million hectares of forest have been 
converted to other uses each year，of which about half are found in the moist tropical 
zone (Evans 1992; Lai 1995). Secondary forests, degraded zones and other human-
impacted areas replaced primary forests in majority of the tropical lands (Godt & 
Hadley 1993; Brown & Lugo 1994; Corlett 1995). Deforestation is a more serious 
problem for South Asian countries and China than for the Southeast Asian countries 
(Dinerstein et al 1995). The consequences of forest loss are soil erosion, soil fertility 
decline and invasion of grasses. The severity of these problems varies from region to 
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region and some impacts such as fire on forest regeneration are still not well 
understood. 
2.4.2 Plantation History in Hong Kong 
In Hong Kong, the original forests were destroyed by massive human impacts 
long before the nineteenth century. The forest area m the territory is presently 
dominated by secondary forests, and plantations which cover about 5% of the total land 
area (Dudgeon and Corlett 1994). There were about four stages in the establishment of 
plantation objectives: production, protection, conservation and ecological rehabilitation. 
Before the 1950s, the purpose of reforestration was mainly for timber and 
firewood production. Although there were scattered and non-registered local 
plantations such as those in the feng shui^ woods, the earliest record of afforestation in 
Hong Kong began in 1873, with the establishment of the then Botancial and 
Afforestation Department. Local pine, Pinus massoniana, was the main species planted 
for firewood and timber production until the late 1970s. During the Second World War 
(1942-45), most plantations were destroyed. Immediately after the war, monoculture 
plantation of Pinus massoniana was resumed and many exotics like Casnarina 
equisetifolia’ Eucalyptus citriodora, Eucalyptus robusta, E. teretecomis, 
Lophostemon confertus, Melaleuca quinquenervia and Pinus elliottii had been trialled 
out on small plots (AFD 1953-55; Zhuang 1997). 
1 Feng shui woods is a specialized form of enriched woodland' behind old villages, representing relicts 
of the original woodland with the addition of trees planted by villagers (Thrower 1975b; Catt 1986). 
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The forestry policy changed from production to protection since 1953 as the 
demand for fuel and timber was reduced. Trees were planted to protect hill slopes on 
badlands and to conserve water resources by planting along catchment areas. A few 
native species were introduced in the 1950s, including Liquidambar formosana, 
Castanopsis fissa and Schima superba (Nicholson 1996). Since the mid-1960s, due to a 
widespread epidemic of nematodes and several undesirable effects, Pinus massoniana 
was gradually replaced by the exotic broadleaf hardwood species of Acacia confusa, 
Lophostemon confertus and Pinus elliottii (Fung 1995; Corlett 1999). 
Country parks were established in 1976，covering an area of 400 km^ or 40% of 
the total land area. Plantations inside the country parks serve the three objectives of 
conservation, education and recreation (Thrower 1984a; Anon. 1993). Annually, more 
than 300,000 tree seedlings are planted by the then AFD, mostly in country parks. 
However, fire becomes the most significant destructive agent of the trees planted (Chau 
1994，Yau 1996). Therefore, plantations of the fire-prone eucalypt species were 
gradually reduced. In the 1970s，Acacia confusa, an exotic species from Taiwan and 
the Philippines, was interplanted with other broadleaf species because of the ease of 
seed germination and its functional role as firebreaks. 
Apart from soil and water conservation in the country parks, the ecological role 
of rehabilitation is gradually recognized in the 1990s. Planting was extended to cover 
the fire-damaged areas, landfills, abandoned quarries and grassy slopes. In the past few 
years, species planted for ecological rehabilitation were confined to exotics such as 
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Acacia auriculiformis, A. confusa, A. mangium, Casuarina equisetifolia and 
Melaleuca quinquenervia. More native species such as Castanopsis fissa, 
Cinnamomum brumanii, Liquidambar formosana, Rhaphiolepis indica, Sapium 
discolor, Tutcheria spectabilis and various Persea species (previously known as 
Machilus) are being used in recent years as a result of the 1992 Rio Earth Summit, in 
which biodiversity was deliberated. The compensatory woodland project under 
investigation is the first kind of its nature ever attempted m Hong Kong. 
2.5 Disturbances and Rehabilitation Strategies 
In general, disturbances in forest ecosystems are classified on the basis of 
intensity, size and duration. Recovery of the ecosystem is affected by severity of the 
disturbances (Singh and Tripathi 1992); the severer the disturbance, the longer and 
greater the effort it takes to recover. 
Aber (1993) classified three kinds of disturbance according to severity scale. 
The mildest disturbance involves removal of the vegetation while the soil remains intact 
and relatively unaffected. Because of this, the growing conditions may be close to those 
in the undisturbed environment and direct establishment of native species of the mature 
community is possible. The best examples are natural tree-fall, clear-felling and forest 
fires. Natural tree-fall and clear-felling for timber allow different sources of 
regeneration to fill up the gap (Uhl et al. 1990); forest fires eliminate pre-existing 
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seedlings and saplings but many species can still coppice from roots and grow from the 
more or less intact seedbanks (Corlett 1995). 
For the moderate level of disturbance, both the vegetation and the soil are 
damaged. In this case, information on species-site interaction becomes increasingly 
important. Typical examples include prolonged cultivation, and fire-maintained 
grassland on previously forested areas where the seed bank and sprouting potential 
have been eliminated in burning. Woody regeneration in this case relies on the dispersal 
of seeds from outside (Corlett 1995). 
In the most severely disturbed case, the vegetation is completely removed and 
the soil is destroyed into conditions not suitable for natural regeneration. Under this 
situation, mature plant community can function properly only if the soils are recreated. 
The situation is just like the barren land，similar to newly created lands such as volcanic 
deposition, sand dunes and river silt (Lovejoy 1985). Examples of degradation are 
mined areas, strongly eroded areas such as the badlands and excavation sites. 
2.6 The Role of Plantation 
With careful selection of tree and shrub species, forest plantations can play an 
important role in tropical forest rehabilitation (Lovejoy 1985; Lugo 1988; Lugo et al 
1993; Parrotta 1993). Plantation involves transplantation of genetic material from 
natural or exotic pools, optimization of landforms, compensation of various human 
impacts and conservation of soil (Godt and Hadley 1993). Successful plantations of the 
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right species on degraded lands can reverse the degradation processes by stabilizing 
soils (Parrotta 1992). They are important in the long-term sustainable development of 
the environment, sometimes fulfilling the objective of socio-economic development 
(Evans 1992). 
Plantations have a marked catalytic effect on native forest development, 
especially on severely degraded sites and on sites dominated by grasses and ferns which 
otherwise preclude colonization by forest species (Parrotta et al 1997). Forest species 
of late-successional stage are less likely to colonize degraded sites as pioneers, hence, 
management interventiors like enrichment planting are necessary to facilitate their 
establishment. Besides acceleration of secondary forest succession, plantation can 
improve soil conditions and produce wood and other forest commodities for economic 
use (Table 2.1). Species selection, plantation design and management practices are the 
key considerations to achieve these objectives (Parrotta 1992&1993; Haggar et al 
1997). With proper screening of plant species, modification of both the physical and 
biological site conditions, an acceleration of secondary forest succession will be made 
possible (Hou 1954; Lovejoy 1985; Lugo 1988; Parrotta 1992 & 1993; Parrotta et al 
1997). 
Table 2.1 Role of plantation in ecological rehabilitation  
• Production of wood and other forest commodities 
• Restoration of biodiversity 
• Changes in microclimate 
• Increase habitat diversity 
• Soil physical and chemical properties improvement 
• Facilitation of forest succession 
• Increase landscape aesthetic value  
Source: Parrota 1992 & 1993; Lugo et al. 1993 
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Although there is growing attention on the effective management of impacted 
ecosystems and the importance of plantation, little information is available in the humid 
tropics, primarily due to complexity of the tropical ecosystem and its diverse species 
(Brown and Lugo 1994). In the 1980s, only 1.1 million hectares of plantation have been 
established annually m the tropical world though there are reports of increase in many 
developing countries (Postel and Heise 1988; Lanly 1995). Tree species have varied 
performance in site establishment, soil stabilization, and accumulation of litter. Indeed, 
these performances change with successional stage of the established vegetation 
(Parrotta 1992). The knowledge of species silviculture and site-species matching is 
important in reaching the goal of sustainable forest productivity (Lugo 1988). However, 
this knowledge is poorly understood for most of the tropical tree species (Lugo 1992). 
In the past decade, tree planting efforts have focused on wood production 
which yields perceivable economic benefits like timber, pulp and fuelwood, and 
majority of the successful plantations in the tropics consist of exotic species (Postel and 
Heise 1988; Evan 1992). The most frequently used genera are Eucalyptus, Pinus and 
Tectona. Since monoculiure is the usual practice, plantations have generally simpler 
structure and lower plant diversity in both tree stands and understoreys than the natural 
forests of similar age. Thus the biodiversity of fauna is also poorer (Dedgeon and 
Corlett 1994). However, during the last decade, planting for other functional purposes 
like conservation and environmental amelioration is becoming popular, hence more and 
more multi-purpose plantations can be found. 
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2.7 Exotic Tree Species Versus Native Tree Species 
The main advantage of exotic species in plantation is their likelihood of success 
(Evans 1992; Lugo 1992; Lamb 1998). With worldwide use, exotics especially the 
dominant genera of Pinus, Eucalyptus and Tectona provide some degree of certainty in 
their seed availability and silvicultural methods, as well as the planting experiences. 
Theoretically, when there is little knowledge about the suitability of native species on 
specific degraded site, exotics from sites of all over the world may widen the choices 
(Evans 1992). The growth rates of exotics are often higher and their wood properties 
are usually well known to ensure lower economic risk. Exotic species were also 
believed to have less pathogen and pest" problems in the recipient region as they are 
away from their natural habitats. In Hong Kong, the exotic legumes of Acacia confusa, 
A. mangium and A. auriculiformis are fast growing and can establish on degraded sites 
(Fung 1995). This is probably because they are early-successional species and are 
capable of fixing atmospheric nitrogen to withstand poor soil conditions. 
However, exotics are not free of ecological limitations. In the past many 
ecolegists argued against introducing new species because exotics in general are not 
considered to be ecologically superior to the native species to which the local wildlife 
have already adapted. The danger of exotic invasion especially in damaged land and 
their impacts to site conditions are also causes of concern (Lugo 1988; Lugo et al 
1993; Evans 1992). In addition, exotic species planted in monoculture are susceptible 
to attacks of pathogen during the second generation. One example is the monoculture 
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of eucalyptus on degraded hills of South China (Pang 1999). It gives rise to problems 
of competition with ground vegetation for water, proneness to fire, poor soil erosion 
control and low wildlife diversity. Besides, intensive care and site preparation works are 
needed (Evans 1992; Butterfield and Fisher 1994). In Hong Kong, the most successful 
exotics are from the tropical region (e.g. Caribbean, Madagascar, Eastern Australia and 
the Philippines) and majority of them are not naturalized to the local vegetation types, 
rather, they are confined to the recently disturbed sites (Dudgeon and Corlett, 1994). 
Native species, even in monoculture, are considered ecologically more 
significant than exotics in the conservation of native fauna and flora (Table 2.2). This is 
especially true for tropical areas where 40-50% of the Earth's species are found. In 
recent years, based on the concern for biodiversity conservation, more and more native 
species are used in ecological restoration, especially after the decline of natural timber 
flocks in the tropical countries. 
Table 2.2 Importance of native plantation.  
• Native species are adapted to the local environment and already filing an ecological niche. 
With the presence of controlling agents (predators, viruses, climatic factors), they are 
considered less susceptible to damages caused by diseases and pests. 
• Native species assist in the conservation of local fauna and flora diversity. 
• Experiences from native plantation provide silviculture knowledge as well as information on 
the complex ecosystem functioning, inter-specific interaction and species-site interaction. 
• Native species have higher commercial value and social value. 
Source: Evans (1992). 
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In the past, farmers in Hong Kong harvested from the natural plant communities 
firewood, charcoal, timber, utilities, medicine and food. Notable examples of valuable 
native tree species in Hong Kong include Camellia granthamiana (found first in Hong 
Kong), Aquilaria chinensis (famous for its fragrant resin), Ficus microcarpa (habitat 
for various birds) and Myrica rubra (useful fruit tree and Chinese medicine). 
Seed availability, nursery care, growth rate, site adaptability and costs are key 
considerations in determining the use of exotic species or native species (Evans 1992). 
The complicated tropical ecosystem contains vegetation of varying height, canopy 
structure and biomass (Lai 1995), and species of different successional stage may also 
have varied requirements of light, nutrients and water. Thus silviculture of native 
species is not always feasible. Native species plantations yielded reports of slow growth, 
and not enough of ecological and silvicultural data (Lamb 1998). In addition, soils of 
the humid tropics are as diverse and variable as the vegetation. Thus, soil-related 
constraints is another difficulty for native plantation. 
The restricted development of native plantations in the past was not because 
they were more difficult to establish than the exotics but because of several 
misconceptions: seeds of native species are difficult to germinate; hardwood species 
and late-successional ones are slow-growing; tropical forest species require shade and 
fertile soils. Some native species performed extremely well if enough care was given 
during the nursery stage (Butterfield and Fisher 1994). In Hong Kong the availability of 
seedling is a major obstacle to the widespread use of native species. For example, 
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Schima superba performs extremely well in plantation but has a germination rate of 
only 7% while the rate of other native species like Liquidambar formosana can be as 
high as 80% (Lay et al. 1998). 
The successful use of plantations in rehabilitation of native forest depends on 
the establishment of native species in the understorey (Bradshaw 1993; Lugo 1992). 
Introduced species are sometimes employed as "foster ecosystems" (Lugo 1988; 
Parrotta 1993), which can encourage the re-invasion of native understorey species or 
have the function of increasing species richness especially on badly degraded sites 
where native species plantation is impossible (Chan and Thrower 1990; Haggar et al. 
1997; Lugo 1997; Parrotta 1997; Zhuang 1997; Lamb 1998). Provided appropriate 
species are selected, exotics do not necessarily inhibit the succession of native species 
and they can restore soil fertility too (Lugo & Liegel 1987). Although exotic tree 
plantation can help rehabilitate damaged lands, regeneration of native tree species may 
be limited by the availability of seeds if the natural stands are not close to the exotic 
woodlands (Lugo, 1988; Corlett 1999). 
There is fewer research on plantation with native species than on plantation with 
exotic species. As shown in Table 2.3, most of the works are conducted in Central 
America (e.g. Butterfield and Fisher 1994; Gonzalez and Fisher 1994; Montagnini et al 
1995a; Montagnini et al. 1997; Haggar et al 1998) while very few studies are 
published in Asia (e.g. Yu 1990; Miyawaki 1993; Moura-Costa 1995). The purposes of 
land rehabilitation with native species in Central America are timber production and 
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land protection. Most of the studies yielded high survival rate of more than 50% 
(Butterfield and Fisher 1994;Gonzalez and Fisher 1994; Montagnim et al 1995b; 
Montagmm et al. 1997; Haggar et al. 1998). Apart from Miyawaki's study (1993) on 
barren land, most of the studies were conducted on sites of mild to moderate intensity 
of disturbance, or the abandoned lands. 
Table 2.3 Some recent studies on native species plantation.  
Species Selection Study Sites Nature of Focus of Study References 
Degradation 
6 native species Costa Rica Abandoned Soil fertility under 3 year Montagnini and 
pasture land stands Sancho, 1990 
32 native species Japan, Barren land Screening tnals and survival Miyavvaki, 1993 
Malaysia study; 20 years and 6 months 
14 native species Costa Rica Abandoned Screening tnals and tree/site Butterfild and 
pasture land interaction monitoring Fisher, 1994 
8 native fast Costa Rica Abandoned Study on survival and Gonzalez and 
growing species, pasture land growth; 3 year stands Fisher, 1994 
3 exotics 
30 native species Costa Rica, Abandoned Study tree influence soil Montagnini, 1994 
Brazil, land fertility; nutrient use 
Argentina efficiencies 
8 native species, Costa Rica Abandoned Soil fertility under 3 year Fisher, 1995 
3 exotics pasture land stands 
4 native species Costa Rica Abandoned Comparison for yield of Montagnini et al, 
pasture land mixed and pure plantations; 1995b 
4 year stands 
20 native species Bahia, Abandoned Soil fertility under tree; Montagnini et al, 
Brazil farmland nodulation and tree size; 1995a 
forest floor litter and live 
leaves (nutnent re-cycling); 
14-15 years stands 
4 native species Costa Rica Abandoned Leaf litter and mulch Byard et al, 1996 
pasture land investigation, 4 years growth 
11 native species Argentina Overexploited Enrichment planting; survial Montagnini et al, 
forests and growth rate 1997 
66 native species, Costa Rica Abandoned Survival and growth; 6 years Haggar et al., 




THE STUDY AREA 
3.1 Location 
The territory of Hong Kong consists of the Hong Kong Island, Kowloon 
Peninsula and the New Territories that includes the Lantau Island. The New 
Territories is physically a continuous portion of the mainland, the adjacent Po On 
district of Guangdong Province of China. The study area is located at the plantation 
areas at the hillside slopes of Tung Chung on North Lantau Island, near the Tung 
Chung New Town and the Chak Lap Kwok Airport (Figure 3.1). 
The Tung Chung depression is encircled by hills and sea, where the new 
town and airport develop on reclaimed land. The hillside slopes of the plantation 
sites are dominated by fire-affected scrublands below the Site of Special Scientific 
Interest (SSSI) of the hills ofPok To Yan and For Kai Shan and the North Lantau 
Country Park. The approximate lower and upper boundaries of the whole plantation 
area follow the contours at 50m and 300 m, respectively. It occupies a total area of 
60 hectares with 3 individual planting sites. 
A tree trial plot was separately set up in each of the planting site by the then 
AFD, for the monitoring of tree growth, plots A and B are adjacent to each other 
while plot C is located further to the north (Figure 3.1). Native species were planted 
















































was conducted inside each of the trial plot. Tree saplings were planted in rows of 50 
each, at 1.5-m interval. With few exceptions, there were 200 individuals for each 
species which were evenly spread out on the 4 rows. The planting design was 
described in section 3.6 of this chapter. 
The present study was conducted on plot A (HQ 031671) and plot B 
(HQ034675) because plot C is too small to be worth of study. Both plots A and B 
lie within the altitude of 150-200 m, on gentle slopes facing the northwest. Plot A 
has an area of 9,300 m^ and that of plot B is 1,0980 m^ Planting was carried out in 
the spring of 1994 by the then AFD who also managed the entire project (Lay et al. 
1998) (Table 3.1). In Hong Kong, the planted saplings averaged 50 cm in height. 
Table 3.1 Characteristics of the two plots 
Attributes Plot A Plot B  
Location (grid ref.) HQ031671 HQ034675 
Plot area 9,300 m^ 10,980 m^ 
Elevation 150-200 m 150-200 m 
Aspect Northwesterly Northwesterly 
Slope gradient 15° 20° 
Parent materials Volcanic Volcanic 
Soil types Krasnosem Krasnosem 
Drainage Natural valley Natural valley 
Site vegetation Grassy slope / scrubland Grassy slope / scrubland 
Year planted 1994 1994 
Number of trees planted 4,136 4,879 
3.2 Climate 
Hong Kong is situated within the tropics, with monsoon climate of well-
marked alternation between cool-dry winter and hot-wet summer seasons. In the dry 
and cold winter, January and February, the temperature could drop to below 10 °C 
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(Hong Kong Observatory 1999). March and April usually experience high humidity. 
The hot and humid summer, May to September, have occasional showers, 
thunderstorms and tropical cyclones. Tropical cyclones usually occur with heavy 
rain that often results in landslides and flooding. The wettest month is August which 
yields an average rainfall of 391.4 mm; the driest month is January when the average 
rainfall is reduced to 23.4 mm. 
The year 1998 was the warmest year since records began in 1884. The 
annual mean temperature was 24.0�C. The annual mean daily minimum temperature 
of 2 2 . 1 � C was also the highest on record. The annual total rainfall recorded was 
2564.6 mm which was 16% higher than normal. In contrast to the wet months from 
January to June, July was dry and hot. Temperatures for rest of the months in 1998 
were also significantly higher than normal. In the year 1999, January was also 
warmer than normal. The rainfall at Tung Chung Au Station (AFD outpost of the 
North Lantau Country Park) recorded more precipitation in 1998 than 1999 (Figure 
1994 1995 1996 1997 1998 
Year HZJ Total Rainfall (mm) 
—Temperature t 
Figure 3.2 Change of rainfall and temperature in Tung Chung (1994-1998) 
* Rainf^ dato were recorded at Tung Chung Au Country Park station and that of air temperature 
were collected at Sha Lo Wan automatic weather station 
Source: Hong Kong Observatory (1999) 
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3.3 Geology 
Geologically, Hong Kong is dominated by igneous rocks. The formations 
were associated with the Yanshanian tectonic movement (Jurassic Period) during 
which large amount of lava and ash were erupted, and massive granite batholiths 
intruded underground (Peng 1986). The Repulse Bay Formation, consisting of the 
most common rock types in Hong Kong, spread over the eastern peninsulas of the 
New Territories, Tai Mo Shan, western Lantau Island and about half of the Hong 
Kong Island to the south. The rocks are dominated by volcanic tuffs with some 
lavas in the marginal areas. They are siliceous and rhyolitic in chemical composition. 
Granite outcrops occupy about one-third of the land area of Hong Kong 
(Grant I960). It covers extensive areas including the southern and western parts of 
the New Territories, northern Hong Kong Island and eastern Lantau Island. It has 
the same chemical composition as rhyolite, but is more coarsely grained. 
Sedimentaries, metamorphosed sedimentaries and quaternary deposits are 
scattered as tiny patches in the territory. 
The geology of the study area in Tung Chung is made up of rhyolite 
(Repulse Bay Formation) and debris of the Tai Mo Shan porphyrites (Langford et al 
1995). On the hills of Pok To Yan and Por Kai Shan overlooking the study plots, 
the underlying rocks are mostly rhyolite lavas and tuffs. Further down, the 
plantation sites were dominated by colluvial deposits. 
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3.4 Soils 
Under the influence of hot humid climate, weathering (largely in situ 
chemical decomposition of the rocks) is so intense that dissimilar rocks produce 
very similar soils (Grant 1960). There are two major types of soil in Hong Kong: the 
layered red-yellow podsol and the uniform deep krasnosem. Granite will weather to 
form red-yellow podzol at all altitudes while volcanic rocks will form krasnozem 
below 500m and red-yellow podzol above 500m (Grant 1960; Hodgkiss et al. 1981; 
Thrower 1984a). 
The soil in Tung Chung reflects the geomorphology and geology of the area, 
where the hills are covered by boulder fan debris derived from rocks of the Tai Mo 
Shan porphyries, also volcanic in origin. The study area consists of krasnosem, 
which is deep red in colour but covered on the surface by a thin dark-coloured Ao 
horizon. 
3.5 Vegetation 
The terrestrial vegetation of Hong Kong consists of woodland, scrubland, 
grassland and specialized communities of coastal and urban habitats (Catt 1986). 
Five categories of vegetation can be found on Lantau Island: tropical evergreen 
broad-leaved woodlands, mangroves, tropical evergreen coniferous woodlands, 
tropical evergreen scrubland and tropical grasslands, with a total of 28 plant 
communities (Cheung et al 1988). Most of the terrestrial habitats on Lantau Island 
are secondary forests or woodlands, representing the main vegetation types of 
South China. 
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Before plantation was carried out in 1994, the study area was dominated by 
grassy slopes and scrubland that are maintained by fire. The scrubland contains 
many understorey species of woodland plants and contains tree seedlings of later 
succession stage (Thrower 1984a). Grasses interspersed with shrubs and some trees 
are the dominant landscape of the whole planted area. To minimize disturbance by 
fire, the grasses and shrubs parallel the footpath to the north of the planting areas 
were cleared and maintained by AFD. 
The trial plots were dominated by the shrubs of Baeckea frutescens, 
Psychotria rubra, Rhaphiolapis indica and Rhodomyrtus tomentosa, as well as the 
fern Dicranopteris linearis. Patches of densely wooded vegetation are only found in 
valleys (Lay et al 1998). Among the 50 species tested in plots A and B, 18 are also 
found in the adjacent natural environment. They include Ailanthus fordii, Alangium 
chinense, Aquilaria sinensis, Castanopsis fissa, Ficiis microcarpa, Gordonia 
axillaris, Litsea cuheha, Litsea glutinosa, Mallotiis paniculatus, Microcos 
paniculata, Ormosia emarginata, Phyllanthus emhlica, Reevesia thyrsoidea, 
Rhaphiolepis indica, Sapium discolor, Schefflera octophylla, Sterculia lanceolata 
and Vitex quinata (Table 3.2). Behind the study area lies a site of special scientific 
interest (SSSI) and the North Lantau Country Park. The SSSI has a high 
biodiversity of native species, which also acts as a seed source of the study area. 
Of the 50 species planted in Tung Chung, Castanopsis fissa., Quercus spp. 
and Lithocarpus harlandi belong to the family of Fagaceae wheras Persea spp., 
Listea spp. and Cinnamomum camphora belongs to the family of Lauraceae. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Catt 1986; Corlett 1997). There are 35 native species in the Fagaceae (oak family) 
and local records show that the most common species is Castanopsiss fissa. 
(Throwers 1975; Hodgkiss et al. 1980). The Lauraceae is represented by about 30 
species, of which Cinnamomum camphora is most common. However, according to 
local studies, Fagaceae have a more restricted distribution in Hong Kong and they 
are more prominent in the montane forest, while Lauraceae is the most dominant 
family in the secondary forest (Zhuang 1993). Myrtaceae, Euphorbiaceae, Moraceae 
and Theaceae are widespread in both scrubland and secondary forest. 
Five of the native species are protected trees in China: Artocarpus 
hypargyrea, Camellia crapnelliana, C. granthamiana, Aquilaria sinensis and 
Keteleeria fortunei. C. granthamiana was first discovered in Hong Kong (Zhuang 
1993) while K. fortunei is a rare species that is now mostly grown in the Tree 
Nursery of the Agriculture, Fisheries and Conservation Department (AFCD) at Tai 
Tong, northwest of the New Territories. 
Although all the planted species are categorized as trees, many exhibit 
shrub-like forms in scrubland, such as Gordonia axillaris, Quercus myrsinaefolia 
and Rhaphiolepis indica (Zhuang 1993). Ardisia crenata is actually a shrub 
(Thrower 1976). Some species are found mainly at scrubland and forest edges (e.g. 
Listea cuheba, Myrica rubra and Rhaphiolepis indica) while some are found only 
in the secondary forest and feng shui woods (e.g. Schefflera octophylla, 
Castanopsis fissa) (Zhuang 1993). 
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3.6 Planting Designs and Management 
A total of 50 native species were planted in the two trial plots A and B in an 
alphabetic order of their scientific names^(Table 3.2), along the contours. Seeds of 
the species were collected locally by AFD's Field Investigation Unit and the 
seedlings were grown and provided by the Tai Tong Tree Nursery. Twenty-four 
species were planted at trial plot A and twenty-six at trial plot B. For each species, 
the total number of seedlings planted ranged from 45 to 200, depending on the 
availability of seedlings. 
The species were arranged uphill in ascending alphabetical order of the 
scientific names for the convenience of field measurements and survey (Lay et al. 
1998). The seedlings were planted at an equal spacing of 1.5 x 1.5 m and in a grid 
pattern (Table 3.3), in order to encourage upward growth of the seedlings and to 
reduce the need for beating up in case of seedling mortality. Each row consisted of 
about 50 seedlings of the same species. For species with tree seedlings exceeding 
fifty in number, more than one row were occupied. The maximum number of 
individuals for a particular species was 200, which were planted evenly on 4 rows. 
Site weeding was carried out on trial plot A prior to planting of the seedlings, 
while at trial plot B, controlled site burning was carried out prior to planting. In 
order to reduce the risk of hill fire, firebreaks of ten meters wide were created at the 
periphery of the planting site. This was accomplished by clearance of the ground 
1 The name of the species followed Anon. (1993 a) but according to Zhang et <3/. (1997)，Persea 
spp. were used instead of Machilus spp and Persea suaveolens was used instead of Machilus 
oreophila. 
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vegetation annually. Weeds or in situ vegetation competing with the planted species 
were trimmed back twice annually at both sites. The growth performance of 
individual species at the two trial plots was recorded annually, from 1995-1997 by 
the then AFD. 
Table 3.3 Planting design at the trial plots. 
Planting Design Plot A Plot B 
Planting date March 1994 March 1994 
Spacing 1.5 x 1.5 m 1.5 x 1.5 m 
Grid pattern T T T T T T T T 
r j i r j p r j p i r j ^ r ^ i 
T T T T T T T T 
Fertilizing Fertimel* applied Fertimel* applied 
Weeding Twice a year Twice a year 
Site preparation Weeding Controlled burning 
Ascending alphabetic order of A - L L - V 
species planting  
*Feitimel is a slow release fertilizer tablet with a NPK formulation of 20:15:10 
Unpubished report of Lay et al. (1998). 
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Chapter 4 
SOIL CHARACTERISTICS AND PROPERTIES 
4.1 Introduction 
The fire-affected slope represents one of the least severely disturbed 
landscapes involving orly vegetation disturbance while the soil remains relatively 
unaffected (Aber 1993). Much of the nutrients are retained, which can support 
regrowth of the original vegetation from seed germination or rootstocks. Where 
proactive planting to accelerate forest development is undertaken, there should be 
sufficient nutrients to support growth of the rehabilitated species too. The broad 
objective of this chapter is to examine the soil characteristics and properties of the 
fire-affected sites in Tung Chung. 
The nature and properties of soils are crucial to growth and development of 
the tree community. The presence of major species in tropical evergreen forest is 
closely related to soil factors (Lai 1987; Ferraz 1993). For instance, the physical 
factors of moisture regime, texture and compaction exert considerable constraints 
on root growth and nutrient absorption of the plants (Jim 1987; Lai 1987; Hajabbasi 
et al 1997). Plants also react differently to nutrient-depleted soils and fertile soils 
(Brady and Weil 1996). Late-successional species rarely grow well on infertile soils, 
hence the selection of species for rehabilitation planting depends on severity of the 
disturbance. In this context, the restoration of soil nutrients and organic matter 
would facilitate the re-invasion of native species on severely degraded sites (Lugo 
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1997). In unfertilized system, soil organic matter is the storehouse of plant nutrients, 
especially nitrogen, phosphorus and sulfur. According to estimate by Bradshaw and 
Chadwick (1980), 200 kg ha'^  nitrogen is required annually to support the growth of 
vegetation in the humid tropics. In Hong Kong, mineral nitrogen constitutes about 
1% of the total nitrogen in the soil and the absolute amount available to plant 
growth is not known (Marafa and Chau 1999). As important components of the soil 
ecosystem, soil fauna and microorganisms play a key role in the aeration, nutrient 
turnover and nutrient uptake of plants (Chen et al. 1990; Lavelle et al. 1992; Rao 
and Rodriguez-Barrueco 1993; Brady and Weil 1996). 
The tropical soils are inherently as complicated and diverse as the vegetation 
(Lai and Sanchez 1992). Differences in land use and vegetation growth further 
deepen their complexity. The most productive forests are sometimes supported by 
the least fertile soils because most of the nutrients are locked up in the tree biomass. 
However, anthropogenic activities such as deforestation (Saikh et al 1998), grazing, 
burning (Lai and Sanchez 1992; Hofstede 1995) and prolonged cultivation (Brown 
and Lugo 1990; Tian 1998) have resulted in land degradation. There was a decrease 
in soil pH, organic matter, cation nutrients and macrofauna, but an elevation of bulk 
density. The degraded Oxisols and Ultisols are strongly acidic in reaction and 
infertile, and contain toxic levels of trace nutrients (Barber 1995; Lai 1995; Brady 
and Weil 1996). In Hong Kong, fire is the most destructive ecological factor in the 
countryside and the post-fire benefits of elevated pH and ammonium flush would 
last for 3 to 6 months only (Marafa and Chau 1999). The status of the repeatedly 
burnt soil and its effect on growth of the rehabilitated species has never been 
examined systematically in the local environment. 
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Soil affects plant growth and itself is also modified by vegetation cover 
(Burns et al. 1997; Binkley and Resh 1999), hence the influence of degraded soil on 
the rehabilitated species is not unidirectional. For instance, bracken ferns growing 
on Andisols in the temperate region were capable of acidifying the soil and inhibiting 
secondary succession of the conifers (Johnson-Maynard et cil 1998). Indeed, the 
fern Dicranopteris linearis and the shrub Baeckea fnitescens are abundantly found 
in the trial plots. While their effect on growth of the rehabilitated species is beyond 
the scope of the present study, their relationship with the soils and implication on 
enrichment planting is worth studying. 
The hill soils in Hong Kong are generally described as highly acidic, low in 
organic matter, deficient in nutrient levels and being dominated by exchangeable Al 
(Grant 1960). The high acidity (pH below 5) is caused by siliceous nature of the 
parent rocks, leaching of bases and the acidic precipitation of the humid tropics 
(Chau and Lo 1980). Phosphorus is immobilized by precipitation with Fe and Al. On 
the other hand, the top 10 cm fire-affected soils in Tai Mo Shan were found to 
contain 4.83-8.99% organic matter and 0.15-0.28% total Kjeldahl nitrogen (Marafa 
1998). These values are higher than expected, possibly due to the dominance of 
perennial grasses after burning. As no two soils are the same, the properties of the 
fire-affected soils in Tung Chung may differ from their counterparts in Tai Mo Shan. 
In Hong Kong, soils derived from different parent materials have similar 
chemical composition (Grant 1960). For instance, soils formed on granite and 
volcanic rocks above 500m have been classified as red-yellow podsol and on 
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volcanic rocks below 500m as krasnozem (Grant 1986). There were more studies 
on soils derived from granite (Fung 1995; Li et al 1996; Tsang 1997) than from 
volcanic rocks (Yau 1996; Marafa 1997), all of which dealt with ecological 
restoration. Although different rock types may result in the same soil chemistry, 
Hou (1994) emphasized the significant influence of parent rocks on soil pH in South 
China. Results obtained from this study will give answers to the following specific 
questions: 
1. What are the physical properties of the soils (texture, bulk density, porosity and 
penetration resistance) found in the two trial plots? 
2. Are the soils saline? 
3. Are the soils strongly acidic in reaction and, if yes, what are the likely causes 
and implications on growth of the rehabilitated species? 
4. Do the soils contain adequate levels of organic matter, nitrogen and phosphorus? 
What percentage of the nitrogen and phosphorus are present in available form? 
5. Do the soils contain high levels of exchangeable potassium, sodium, calcium and 
magnesium? 
6. Are the soils optimal to plant growth? 
7. What implications can likely be generated from the findings that are relevant to 
the enrichment planting of native tree species? 
4.2 Methodology 
4.2.1 Sampling 
Soil sampling was conducted in July 1998, on the two planting sites A and B 
instead of the trial plots. The trial plots were located within the planting sites, with 
similar aspect and slope gradient. The size of these trial plots was, however, too 
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small to represent the overall soil characteristics of the area. Because of this, soil 
sampling was carried out in the planting sites instead of the trial plots. 
Two transects were laid 20 meters apart in each of the planting sites A and 
B. Systematic sampling at 10-m interval was followed along each of the transect. 
There were 10 sampling points on one transect or 20 sampling points per site. Soil 
samples were taken at three depths (0-5 cm, 5-15 cm and 15-30 cm) after removal 
of the surface litter. From each sampling point, a bulked sample comprising of four 
8-cm diameter cores was taken in order to reduce variability (Allen et al 1989). 
These samples were taken at a distance of 1 m away from each of the sampling 
point. A total of 120 bulk samples were collected for this study. 
Ten samples were collected at 0-15 cm on each site for the determination of 
bulk density and porosity. These samples were collected by inserting a 15-cm long, 
5-cm diameter aluminum core into the soil, at intervals of 20 meters along the two 
transects. 
The samples were returned to the laboratory. A subsample of fresh soil was 
passed through 0.5 mm sieve and stored at 4±1°C in the refrigerator for the 
determination of mineral nitrogen and available phosphorus. The remaining samples 
were air-dried at room temperature, ground and passed through 2 mm and 0.25 mm 
sieves, respectively. The 2 mm sieved soil samples were used for the analysis of 
texture, reaction pH, conductivity and exchangeable bases (K, Na, Ca and Mg), 
while the 0.25 mm sieved soils were used for the determination of organic carbon, 
total Kjeldahl nitrogen, and exchangeable acidity (Al and H). 
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4.2.2 Soil texture 
Soil texture was determined by the Bouyoucos hydrometer method that 
measures the decrease in density of the suspension as particles settle. Fifty grams of 
2 mm air dry soil was mixed with 5% Calgon solution (sodium hexametaphosphate). 
The mixture was stirred at high speed for 10 minutes and made up with water to 
1,000 ml. Hydrometer readings were taken at 4 minutes 48 seconds to estimate for 
silt and clay fractions, and at 5 hours to estimate the clay fraction (Grimshaw 1989). 
The results were expressed as percentages of sand, silt and clay while the textural 
class was determined against the textural triangle, following the classification of the 
International Society of Soil Science. 
4.2.3 Bulk density and porosity 
The soils in the cores were oven-dried at 105�C for 48 hours. Bulk density 
was determined as the dry weight per known volume of soil (Landon 1991): 
Bulk density (g/cm^) = Soil oven dry weight 
Soil core volume 
Since pore volume is related to bulk density, total porosity of the soil was 
then derived from the formula: 
Total porosity (%) = (1 - Bulk density ) x 100% 
Particle density 
where, particle density is equivalent to 2.65 g/cm^. 
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4.2.4 Penetration resistance 
Penetration resistance of the surface soil was measured by use of a pocket 
penetrometer and the values were recorded in Mpa. Twenty readings were taken 
randomly on each of the planting sites and averaged to give the mean values. 
4.2.5 Soil reaction and conductivity 
Soil reaction pH was detected by using a mixture of 10 g of 2 mm air dry 
soil with distilled water at a soil to water ratio of 1:2.5 (w/v). After shaking for 15 
minutes, the slurry was left to stand for 30 minutes before being tested with a glass 
electrode coped with the Orion Expandable ion Analyzer EA940. 
Conductivity was measured by use of a YSI conductance-resistance meter, 
on the same soil suspension used for pH measurement (Anderson and Ingram 1993). 
Conductivity was calculated with temperature correction at 25°C. 
4.2.6 Organic carbon 
Organic carbon was determined by the Walkley-Black partial oxidation 
method (Walkley and Black 1934). Potassium dichromate and concentrated sulfuric 
acid were used to oxidize the organic carbon contained in 1 g of 0.25 mm air dry 
soil. The mixture was titrated with ferrous sulfate heptahydrate with o-
Phenanthroline-ferrous complex as indicator. Soil organic matter (SOM) was 
estimated by multiplying the organic carbon content with the factor of 1.724 
(Chaney and Swift 1984). 
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4.2.7 Total Kjeldahl nitrogen (TKN) 
The Kjeldahl digestion method was used in the determination of total 
nitrogen in the soil. One gram of 0.25mm air dry soil was digested in concentrated 
sulfuric acid in the Tecator DS 20 digester block at 340T, using copper sulfate as 
catalyst and potassium sulfate to raise the boiling point (Anderson and Ingram 
1993). The digest was steam distilled into boric acid in a Tecator Kjeltec 1026 
distillation unit, which was then back titrated with 0.0IM hydrochloric acid. 
4.2.8 Mineral nitrogen (ammonium and nitrate nitrogen) 
The mineral nitrogen in the soil indicates the bioavailability of nitrogen for 
plant absorption (Rendig and Taylor 1989; Marschner 1995). Twenty grams of 0.5 
mm fresh soil was extracted with 2M potassium chloride. After shaking for one hour, 
the extract was filtered through Whatman 44 filter paper. For the determination of 
NH4-N, sodium citrate, sodium salicylate, sodium tartarate and sodium nitroprusside 
were added to the filtrate (Anderson and Ingram 1993). For the determination of 
NO3-N, sodium hydroxide and 5% salicylic acid were used. The filtrate was then 
diluted with 10 ml 0.5M hydrochloric acid before injection into the Tecator Flow 
Injection Analyzer for the determination of NH4-N at 590 nm and NO3-N at 540 nm. 
4.2.9 Total phosphorus 
0.4 gram of air dry soil was digested at 120�C in mixed perchloric acid, 
concentrated nitric acid and concentrated sulfuric acid at a ratio of 2:10:1. The 
digest was then filtered through Whatman 44 filter paper and diluted with de-
51 
ionized water to 50 ml. Phosphate is determined by the molybdenum blue method 
using stannous chloride as the reducing agent. 
4.2.10 Available phosphorus 
Available phosphorus is usually present in the form of soluble H2PO4' and 
HP04^' ions (Rendig and Taylor 1989). Five grams of 0.5 mm fresh soil was first 
extracted with ammonium lactate solution at pH 3.75 (Tecator Application Note 
ASTN 9/84). The suspension was then filtered through Whatman 44 filter paper and 
diluted with 0.5M hydrochloric acid. Available phosphorus was determined by the 
molybdenum blue method similar to total phosphorus, by use of the Tecator Flow 
Injection Analyzer and at absorbance reading 690nm. 
4.2.11 Exchangeable cations 
Exchangeable K, Na, Ca and Mg were determined by extracting 5 grams of 
2 mm air dry soil with 100ml \M ammonium acetate at pH 7 (Jackson 1958). 
Exchangeable Fe and Mn were extracted from 10 grams of 2 mm fresh soil with 50 
ml ammonium acetate at pH 4.6 (Anderson and Ingram 1993). The filtrates were 
then analyzed for exchangeable K, Na, Ca, Mg, Fe and Mn by using the Varian 
Spectr AA-300 Atomic Absorption Spectrophotometer. 
4.2.12 Exchangeable Al and H 
Exchangeable Al and H represent the total exchangeable acidity (TEA) of 
the soil, which was determined titrimetrically. Ten grams of 0.25 mm air dry soil 
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were extracted with IM potassium chloride and filtered through Whatman 44 paper. 
For the determination cf TEA, the filtrate was boiled to expel the dissolved CO2 
before titration with 0.0IM sodium hydroxide using phenolphthalein as indicator 
(Anderson and Ingram 1993). For the determination of exchangeable hydrogen, 
another aliquot was also boiled to expel the CO2. An excess amount of 3.5% 
sodium flouride was added to precipitate Al into AIF6 '^ before titration with 0.0 IM 
sodium hydroxide. Exchangeable Al was calculated by subtracting the results of 
exchangeable H from the TEA. 
Aluminum saturation was estimated as the percentage of Al of the effective 
cation exchange capacity (ECEC), which was equivalent to the sum of exchangeable 
K, Na, Ca, Mg, Al and H in tropical soils (Anderson and Ingram 1993). 
4.3 Data Processing and Statistical Analysis 
The data obtained were calculated using the spreadsheet software Microsoft 
Excel. They were then transferred to another statistical package SPSS (for windows) 
for the numerical processing of mean and standard deviation. Since the two 
plantation sites were situated at different hill slopes and the two trial plots had 
received different treatments before planting, separate t-test was performed between 
the means of sites (A and B) for the upper (0-5cm), middle (5-15cm) and lower (15-
30cm) layers. The significance level of all tests was set at the confidence limit of 
p<0.05 unless otherwise indicated. 
4.4 Results and Discussion 
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4.4.1 Physical properties 
The textural class is a broad indicator of soil behaviour or other physical 
properties (Brady and Weil 1996). Texturally, the soils in the two planting sites 
belonged to sandy clay loam, except the lower layer (15-30cm) of site A (Table 4.1). 
The clay content in the lower layer of the two sites (36% for site A and 31% for site 
B) was higher than the upper layer (24% in sites A and B), indicating possible 
downward translocation of clay particles. 
The bulk density of the soils was 1.56 gm/cm^ for site A and 1.47 gmJcm 
for site B. The corresponding values for porosity were 41.2% and 44.7%. 
Penetration resistance was significantly higher for site A (2.73Mpa) than site B 
(l.SOMpa). It is thus clear that site A is more compacted but less well aerated than 
siteB. 
The bulk density and porosity of the soils fell outside the preferred levels for 
plant growth (Table 4.2). This problem is more critical for site A than site B, and 
high bulk density could result in poor soil quality (Hajabbasi et al 1997). When 
compared with the bulk density (0.76-1.18 gm/cm^) of Oxisol forest soils in the 
humid tropics (Lai 1987), the bulk density of the two sites (1.47-1.56 gm/cm^) was 
excessively high. As bulk density of undisturbed forest soils in the humid tropics is 
usually less than 1 gm/cm^, the two sites could have been subjected to the influence 
of stressful factors. Although Oxisols and Ultisols are considered to have good soil 
structure, the change or loss of vegetation cover can cause a decline in soil physical 
properties under natural conditions (Lai 1987; Cassel and Lai 1992). The lack of 
































































































































































































































































































































































































































intensity rains in summer resulting in the loss of fine particles and hardening of the 
soil (Thrower 1984a). Indeed, soil crusting is noticeable in the two sites. 
Table 4.2. Critical level of selected soil physical properties. 
Parameter Critical Preferred Site A Site B 
level 1 level 1 
Bulk density (gm/cm^) >1.6 <1.4 1.56 1.47 
Porosity (%) <30 >45 41.20 44.69 
Penetration resistance (Mpa) >2.5 <2 0 2.73 1.80 
^Sources: Jim (1987) and Fung (1995). 
Site A recorded an average penetration resistance of 2.73Mpa, which is 
greater than the preferred level of less than 2.5Mpa (Table 4.2). The excessive soil 
strength resulted from high bulk density and compaction may inhibit root 
penetration (Rendig and Taylor 1989). Since compaction affects the content and 
behaviour of soil water, the water content available for plant growth can also be 
reduced (Jim 1987). Possible remedies for this situation during planting include 
drilling a sufficiently large pit to allow the spread of roots and loosening the base of 
the pit soil (Webb 1991). Furthermore, the backfill material can be replaced with 
organically amended soil to improve moisture retention. Healthy development of 
root system will greatly enhance the plant acquisition of nutrients in low supply 
(Marschner 1995). These mitigation measures are, however, easier said than done 
because of poor workmanship and supervision in the trade. They were neither 
mentioned in the planting guidelines of the environmental impact assessment (EIA) 
report nor carried out during planting. The survival rate and growth performance of 
the rehabilitated species will be investigated in Chapter 5. 
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4.4.2 Conductivity 
Conductivity provides an estimate of the amount of soluble salts in the soil. 
The conductivity of the top 5-cm layer of site A and site B was 0.16 mS/cm and 
0.22 mS/cm, respectively (Table 4.3). It averaged 0.16-0.17 mS/cm for the 5-15 and 
15-30 cm layers and statistical difference between sites was insignificant. Although 
the two sites are located at close proximity to the sea, the soils are non-saline as a 
result of leaching of the salts by heavy rain (Table 4.4). The effect of salts on plant 
growth in the study area is probably negligible. 
4.4.3 Soil reaction and exchangeable acidity 
Soil reaction is a major factor that determines the types of tree, shrub and 
grass of a particular landscape under natural conditions (Brady & Weil 1996). It 
controls plant nutrient availability and influences other soil chemical properties and 
biological activities. The soils under investigation were strongly acidic in reaction, 
averaging 4.65 (0-5 cm), 4.52 (5-15 cm) and 4.37 (15-30 cm) for site A. The 
corresponding values for site B were 4.79, 4.65 and 4.48 (Table 4.3). 
Total exchangeable acidity (TEA) averaged 6.95-8.30 cmol/kg in site A and 
8.16-9.46 cmol/kg in site B. Exchangeable Al not only predominated over 
exchangeable H in both sites, but also increased with depth of the soil. In site A, for 
instance, exchangeable Al increased from 6.13 cmol/kg at 0-5 cm to 7.28 cmol/kg at 
5-15 cm and 7.35 cmol/kg at 15-30 cm. The corresponding values for site B were 
7.01, 8.56 and 8.77 cmol/kg. The pattern agreed reasonably well with the decline of 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ECEC, which was considered toxic to most plants (Table 4.4) in accordance with 
the rating by Landon (1991). 
In site A exchangeable H increased with depth, averaging 0.83 cmol/kg at 0-
5 cm, 0.90 cmol/kg at 5-15 cm and 0.95 cmol/kg at 15-30 cm. The pattern was 
reversed in site B, decreasing in the order of 1.15 cmol/kg, 0.78 cmol/kg and 0.69 
cmol/kg for the upper, middle and lower layers. In acid soil, aluminum ions readily 
hydrolyze to hydrogen ions that can sustain the strong acidity. Excessive H+ ions 
will also affect the survival and activity of soil microorganisms, which play a 
significant role in the breakdown and cycling of nutrients. 
Roots of young seedlings are most sensitive to the toxic effect of aluminum 
(Rendig and Taylor 1989; Marschner 1995) when the concentration exceeds 0.2 
cmol/kg (Barber 1995). The soils under investigation, therefore, contain excessive 
aluminum (6.13-8.77 cmol/kg) which may inhibit establishment of the rehabilitated 
native species. Liming of the soil to correct pH and suppress the solubility of 
aluminum is required before planting, although this effect is more easily 
accomplished for the surface soil than the subsoil (Fox et al 1985; Huchman et al 
1992). Under natural conditions exchangeable aluminum can be suppressed by fire, 
as in trial plot B, yet this positive effect normally last for 6-9 months in Hong Kong 
(Marafa and Chau 1999). Because of this, the best time to replant a burnt area is 
immediately after the passage of fire and the least suitable time is 1 year after fire. 
Aluminum can have two indirect effects on plant growth. First, it is readily 
bound by organic matter thus competing with the soil colloids in the adsorption of 
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cation nutrients. Second, aluminum reduces the bioavailability of phosphorus by 
forming insoluble complex with it (Brady and Weil 1996). Thus, phosphate fertilizer 
should only be added after the correction of pH by liming. 
Tree species differ in their tolerance to strongly acid soils. As aforesaid, the 
saplings are particularly vulnerable to high aluminum concentration during early 
growth (Logan 1992; Bordeleau & Pr6vost 1994). Intolerant species can be 
weakened and killed, but some species such as rhododendrons and Camellia spp. 
grow particularly well on acid soils (Hou 1954; Barber 1995; Brady & Weil 1996). 
Plants that grow poorly in strongly acid soils (pH<5) are generally affected by 
aluminum toxicity, which causes plant roots to become short, thick and stubby 
(Barber 1995; Marschner 1995). A rule of the thumb, therefore, is to select species 
that are tolerant of acid soils. They should be able to tolerate high aluminum but low 
pH and phosphorus conditions. The growth performance of the native species on 
strongly acid soils will be examined in Chapter 5. 
4.4.4 Organic matter 
SOM decreased in the order of 2.66% (0-5 cm), 2.04%(5-15 cm) and 
1.31%(15-30 cm) down the profile for site A. The corresponding values for site B 
were 3.70%, 2.79% and 1.99% (Table 4.3). Thus, site B contained significantly 
more SOM than site A although the overall values were low (Table 4.4) compared 
to the ratings of Landon (1991). In Hong Kong, SOM tended to build up in the 
grasslands sustained by fire but decreased with the re-establishment of shrubs and 
forest species (Marafa and Chau 1999). This is because the grasses are prolific litter 
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producers yet the high carbon content of the litter is not palatable to decomposers. 
This would result in the increase of SOM to 6.73-9.02% (Yau 1996) and 8.99-
9.02% (Marafa 1997) in the top 5 cm layer (Table 4.6). With the invasion of shrub 
and tree species in the absence of fire, SOM will decrease as a result of the rapid 
decomposition of the more palatable broadleaf litters. The top 5 cm layer of the two 
sites contained 2.66-3.70% SOM, which is closer to the condition of a shrubland 
than a grassland. Indeed, a few shrub and tree species have already established in the 
two sites, suggesting that fire could have been absent for about 5 years (Marafa 
1997). 
The SOM content of the two sites are higher than their counterparts in the 
secondary forest (2.48%) and subtropical grassland (1.64%) in South China (Yu 
1990), as well as the granitic badland (0.59%) and borrow areas (0.18-0.34%) in 
Hong Kong (Fung 1995; Tsang 1997). Thus, SOM tends to vary with land use and 
the severity of disturbance. For instance, it is higher in fire-affected slopes involving “ 
vegetation disturbance than in badland and borrow areas involving soil destruction. 
The effect of SOM on the selection of species for rehabilitation will be addressed in 
the ensuing chapters. 
SOM exerts a direct effect on soil physical properties. It enhances 
granulation and aggregate stability, hence improves the water-holding capacity of 
the soil (Lai 1979; Chaney and Swift 1984). Although water-holding capacity of the 
soil was not investigated in the present study, low SOM and high penetration 
resistance and bulk density are likely to affect the growth of the rehabilitated species. 
SOM helps to reduce the deleterious effects of low pH and infertility because it acts 
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as a storehouse of nutrients (Gosz et al. 1973) and encourages soil microbial 
activities (Holland and Deting 1990). 
4.4.5 Total Kjeldahl nitrogen and mineral nitrogen 
Nitrogen is the nutrient element most often limiting the growth of non-
leguminous plants in soils (Rendig and Taylor 1989). The soils under investigation 
contained low but comparable levels of TKN, averaging 0.08% and 0.09% for the 
0-5 cm layer of sites A and B respectively (Table 4.3). It decreased to 0.06% and 
0.07% for the 5-15 cm layer, and 0.04% for the 15-30 cm layer in both sites (Table 
4.3). The soils are therefore deficient of TKN compared to the critical level of 0.2% 
(Table 4.4) suggested by Landon (1991). 
Plants absorb nitrate and ammonium nitrogen, yet both are susceptible to 
leaching loss under the humid tropical conditions (Faniran and Areola 1978; Rendig 
and Tylor 1989). NO3-N averaged 0.35 |ig/g, 0.33 fig/g and 0.33 fig/g for the upper, 
middle and lower layers in site A, respectively. The corresponding values for site B 
were 0.23 fig/g, 0.11 fig/g and 0.15 |ag/g, which were largely comparable to site A 
(Table 4.3). NH4-N decreased in the order of 0.42 |ig/g, 0.30 fig/g and 0.20 |ig/g 
down the profile for site A, and 0.39 |Lig/g, 0.28 f i g / g and 0.26 |Lig/g for site B. The 
soils thus contained comparable amount of NH4-N and NO3-N which tended to 
decrease with depth, a pattern similar to SOM. 
Nitrogen is not only essential to leaf growth, it also affects root growth, 
morphology and distribution in the soil profile (Marschner 1995; Brady and Weil 
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1996). Table 4.5 summarizes the nitrogen requirement of non-legumes, conifer and 
deciduous woodlands and the amount of TKN contained in the top 15 cm layer of 
the soils in sites A and B. A minimum of 800-1,753 kg N/ha is required to support 
the growth of temperate woodlands compared to the maximum of 13,800 kg N/ha 
(Kendle and Bradshaw 1992). As the soils in Tung Chung contained 1,638-1,764 kg 
N/ha, it is barely sufficient for the rehabilitated species. In addition, the amount of 
nitrogen needed to support the annual growth of tropical woodlands or forests can 
be higher than their temperate counterparts. 
Table 4.5 Amount of nitrogen (kg/ha) needed for forest growth. 
Sites Nitrogen (kg/ha) 
Site A (0-15cm layer) 1,638 
Site B (0-15 cm layer) 1,764 
Minimum N required for colonization of non-nitrogen fixing trees^ 800-1,000 
Minimum total soil N in conifer systems� 1,753 
Maximum total soil N in conifer systems丄 7,110 
Minimum total soil N in deciduous systems� 1,380 
Maximum total soil N ir deciduous systems� 13,800 
^Kendle and Bradshaw 1992 
Mineral nitrogen (NH4-N and NO3-N) constituted only a small percentage of 
the TKN, averaging 0.10% and 0.07% (0-5 cm), 0.11% and 0.06% (5-15 cm), and 
0.13 and 0.10% (15-30 cm) for sites A and B respectively, compared to 1-3% for 
the average soils (Brady and Weil 1996). In the top 5 cm layer, this is equivalent to 
0.77 jig/g for site A and 0.62 |ig/g for site B, which are much lower than the critical 
level of 50 [xg/g (Button and Bradshaw 1982). 
Adding inorganic nitrogen fertilizers is a common practice to boost soil N 
although the use of nitrogen fixers can be more effective (Kendle and Bradshaw 
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1992; Ashton et al 1997). Fertime” was applied twice a year to the trial plots to 
encourage growth of the rehabilitated species. This is considered costly because the 
trees are not planted for economic use in Hong Kong. Among the revegetated 
species, only two are legumes {Ormosia emarginata and Adenanthera pavonina) 
with a potential to fix atmospheric nitrogen. The suitability of these local legumes in 
enrichment planting will be examined in Chapter 5. 
4.4.6 C:N ratio 
The C: N ratio of the soils varied considerably between sites and layers. It 
generally increased with depth of the soil, ranging 25:1 to 46:1 for site A and 25:1 
to 32:1 for site B (Table 4.3). They are much higher than the equilibrium ratio of 
10:1 (Landon 1991), suggesting that immobilization is likely to occur in the soil 
(Barber 1995) and that the SOM is dominated by low quality litter. For better tree 
establishment and growth, it is necessary to either amend the soil with compost or 
cover the surface with mulch (Webb 1991; Evans 1992). These soil conditioners not 
only improve aeration but also counteract nitrogen deficiency, soil compaction and 
weed growth. Unfortunately, this remedial measure has not been addressed in the 
planting program. 
4.4.7 Total and available phosphorus 
Total phosphorus averaged 25.1 |ig/g, 24.35 |ig/g and 24.02 |ig/g for the 
upper, middle and lower layers of site A, and 55.64 |a,g/g, 31.94 |ig/g and 32.08 
1 A slow release granular fertilizer with an N:P:K formulation of 20:15:10. 
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M-g/g of site B (Table 4.3). Available phosphorus amounted to 3.58 fig/g, 2.70 }ig/g 
and 1.10 i^g/g for the corresponding layers of site A, and 7.83 }ig/g, 5.80 |ig/g and 
5.09 )ig/g for site B. Thus, site B contained significantly more total and available 
phosphorus in the 5-15 cm and 15-30 cm layers than site A (Table 4.4). 
The soils under investigation are deficient in phosphorus according to the 
rating of Landon (1991). Plants absorb phosphorus in the form of orthophosphate 
anion, which is readily complexed with aluminum, iron and manganese ions into 
unavailable form in strongly acid soils (Brady and Weil 1996). Phosphorus is not 
only an important constituent of plant protoplasm but also an essential macro-
nutrient for root growth (Faniran and Areola 1978). It is applied as a starter 
fertilizer to assist growth of the newly planted species. In strongly acid soils, it is 
essential to correct the pH before the addition of phosphorus fertilizer otherwise it 
will be rendered unavailable. In this context, the use of slow-release phosphorus-
rich fertilizer with a NPK formulation of 10:20:10 is recommended (Webb 1991). 
For effective utilization of P fertilizer, point placement is preferred to mixing the 
fertilizer thoroughly with soil (Brady and Weil 1996). There is also a growing use of 
organic phosphorus in highly weathered soils such as the Ultisols and Oxisols 
(Macklon et al 1994). Soil organic matter not only acts as a source of phosphorus 
for plant, it also enhances mycorrhizal symbiosis which will, in turn, facilitate 
phosphorus uptake by plants. Unfortunately, none of these remedial measures were 
recommended in the EIA report. 
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4.4.8 Nutrient cations 
Exchangeable K averaged 0.07 cmol/kg (0-5 cm), 0.06 cmol/kg (5-15 cm) 
and 0.04 cmol/kg (15-30 cm) for site A. The corresponding values for site B were 
0.09 cmol/kg, 0.07 cmol/kg and 0.06 cmol/kg (Table 4.3). Although site B 
contained significantly more exchangeable K than site A, overall concentration was 
low compared to Landon's rating (Table 4.4). Potassium is as important as nitrogen 
and phosphorus in controlling plant productivity and plants suffering from K 
deficiency will be less resistant to stress. Leaf chlorosis will occur (Faniran and 
Areola 1978; Brady and Weil 1996) and sometimes the leaves of seedlings will be 
smaller than normal (Evans 1992). 
Exchangeable Ca is highest among the bases, averaging 0.41 cmol/kg (0-5 
cm), 0.19 cmol/kg (5-15 cm) and 0.07 cmol/kg (15-30 cm) for site A. The 
corresponding values for site B were 0.85 cmol/kg, 0.31 cmol/kg and 0.16 cmol/kg. 
Site B contained significantly more exchangeable Ca than site A at the 5-15 cm and 
15-30 cm layers (Table 4.3). Calcium is needed for cell growth of the plants and 
deficiency will lead to abnormal growth of the leaves and roots. It is stored as 
calcium pectate in the cell wall. Furthermore, calcium can raise pH of the soil and 
suppress the solubility of aluminum (Rendig and Taylor 1989; Hochman et al. 1992). 
Exchangeable Mg did not differ significantly between the two sites. It 
averaged 0.11 cmol/kg and 0.07 cmol/kg and 0.05 cmol/kg for the upper, middle 
and lower layers of site A, respectively. The corresponding values for site B were 
0.14 cmol/kg, 0.07 cmol/kg and 0.05 cmol/kg (Table 4.3). Plants do not require as 
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much Mg as Ca, K, N and P, hence its deficiency in soil would normally pose fewer 
problems to growth. 
Exchangeable Na ranged 0.09-0.10 cmol/kg in the two sites and inter-site 
difference was not conspicuous (Table 4.3). Thus, the soils do not contain excessive 
Na in accordance with Landon's rating (Table 4.4). 
Fe and Mn occur as oxides or hydroxides in soils and they are more soluble 
in acidic than in alkaline soils (Rendig and Taylor 1989). The soils contained low to 
medium levels of exchangeable Fe and Mn. Exchangeable Fe ranged 15.80-20.63 
|Lig/g for site A and 21.17-30.0 [ig/g for site B (Table 4.3). Thus, site B contained 
significantly more exchangeable Fe than site A and overall concentration seemed to 
decrease down the profile. Exchangeable Mn ranged 0.23-1.82 }ig/g in site A and 
0.40-2.70 [ig/g in site B, also decreasing with depth in the soil (Table 4.3). The two 
micro-nutrients should not cause any toxic problems to plant growth in accordance 
with Landon's rating (Table 4.4). 
The soils under investigation contained low levels of exchangeable bases, 
but low to medium levels of exchangeable Fe and Mn. They do no differ greatly 
from soils of other repeatedly burnt slopes in Hong Kong (Yau 1996; Marafa and 
Chau 1999). Under the hot humid conditions, the local soils are subjected to intense 
leaching resulting in the loss of bases. This would account for the low levels of 
exchangeable K, Na, Ca and Mg detected in the local soils. In this regard, the 
deficiency of K, Ca and Mg is more critical than Na because the latter's role in plant 
nutrition is not well understood. Furthermore, a young stand is less efficient than a 
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mature stand in the pumping of nutrients from the lower horizons of the soil and in 
the biological cycling of nutrients. It is thus necessary to replenish the soil with K, 
Ca and Mg to assist growth bearing in mind that many of the rehabilitated species in 
Tung Chung are late-successional species. Other factors being equal, late-
successional species are more nutrient-demanding than early-successional species. 
Although plot B was burnt prior to enrichment planting in 1994, the soil 
properties detected in 1998 were largely comparable between the two sites (Table 
4.3). The two composite samples, each taken from trial plots A and B, also did not 
differ from their counterparts collected from the planting sites. It shows that the soil 
properties could have returned to their pre-bumt level after a lapse of 4 years. 
Nevertheless, the soils under investigation were strongly acidic in reaction, non-
saline and contained low levels of SOM, TKN, NH4-N, NO3-N and available 
phosphorus. They also contained toxic levels of exchangeable Al but were deficient 
of exchangeable K, Ca and Mg. 
4.4.9 Comparison with other disturbed sites 
The fire-affected slope, as one of the least severely disturbed landscapes 
(Aber 1993), should pose no major problems to the establishment of native species. 
However, the soils under investigation were characterized by strong acidity, 
infertility and Al toxicity. Are these soils then unique in the local environment and 
what implications they would have on the enrichment planting of native species? 
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The present findings are compared with that of the fire-affected slopes 
underlain by volcanic rocks (Yau 1996; Marafa and Chau 1999), granitic badlands 
(Fung 1995), restored borrow areas (Tsang 1997) in Hong Kong, as well as the 
secondary forest and subtropical grassland (Yu 1990) in the Guangdong Province of 
South China (Table 4.6). Only properties of the top 5 cm layer were compared due 
to the availability of date. 
The fire-affected slopes, badland, borrow area and restored borrow area 
differed considerably in soil properties (Table 4.6). The soils in Tung Chung are as 
acidic as other disturbed soils in Hong Kong, with a pH less than 5. Exchangeable 
Al accounted for over 50% of the ECEC, although the new-burnt soil at Tai Mo 
Shan recorded a low value of 37.7% (Yau 1996). The SOM content (2.66-3.70%) 
was intermediate between the fire-affected soils (6.73-9.02%) examined by Yau 
(1996) and Marafa (1997) and granitic soils (0.18-0.59%) examined by Fung (1995) 
and Tsang (1997). TKN followed closely the pattern of SOM, averaging 0.08-
0.09% in Tung Chung, 0.19-0.33% in the fire-affected soils and 0.01-0.02% in the 
granitic soils. The disturbed soils contained low levels of exchangeable K, Ca and 
Mg, regardless of difference in land use and vegetative cover. However, the 
distribution pattern of total phosphorus among the disturbed sites is less 
conspicuous. The C:N ratio in Tung Chung (25:1 to 46:1) is wider than that of the 
fire-affected soils at Tai Mo Shan (16:1 to 21:1) and granitic soils (10:1 to 15:1). 
Compared to the secondary forest and subtropical grassland in Guangdong, 
the soils in Tung Chung were less acidic, contained more SOM, comparable TKN 





























































































































































































































































































































































































































































































































































































The soils under investigation, therefore, do not differ greatly from other 
disturbed soils in reaction pH, exchangeable Al and cation nutrients. TKN and, to 
some extent, SOM are lacking in the soil. The principal factors reducing growth of 
the planted tree species in a mining site in Amazon were low levels of SOM, N, P, K, 
Ca, Mg and Mn (Ferraz 1993). Plants can grow fast on soils with high levels of 
SOM and N, notwithstanding strong acidity. In the context of enrichment planting, 
therefore, the problem of low fertility needs to be addressed. This shall include the 
combined use of lime, organic amendment and fertilizers. Unfortunately, many of 
these measures were neither recommended in the EIA report nor carried out during 
enrichment planting. 
4.5 Conclusion 
From findings of the present experiment, the following conclusions can be 
drawn: 
1. Texturally, the soils of both sites belonged to sandy clay loam. Bulk density 
averaged 1.56 g/cm^ for site A and 1.47 g/cm^ for site B, and the corresponding 
porosity was 41.2 % and 44.7%. Penetration resistance was significantly higher for 
site A (2.73 Mpa) than site B (1.80 Mpa). Therefore, site A was more compacted 
but less well aerated than site B. 
2. With a conductivity of 0.16-0.22 mS/cm, the soils in both sites were non-saline. 
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3. The soils were strongly acidic in reaction, pH averaging 4.37-4.65 for site A and 
4.48-4.79 for site B. Total exchangeable acidity increased with depth of the soil and 
was higher for site B (8.16-9.46 cmol/kg) than site A (6.95-8.3 cmol/kg). 
Exchangeable Al predominated over exchangeable H, and aluminum saturation 
accounted for 75.87-90.51% of the ECEC. 
4. The soils contained low levels of SOM and TKN. SOM averaged 1.31-2.66% 
for the different layers of site A and 1.99-3.70% for site B. The corresponding 
values of TKN were 0.04-0.08% and 0.04-0.09%. Both SOM and TKN decreased 
with depth of the soil. Mineral nitrogen (NH4-N and NO3-N) amounted to 0.53-0.77 
|ig/g for site A and 0.41-0.62 |ig/g for site B, representing less than 1% of the total 
nitrogen pool. Available phosphorus ranged 1.10-3.58 (j,g/g for site A and 5.09-7.83 
\ig/g for site B, equivalent to 5-18% of the total phosphorus. 
5. The soils contained low levels of exchangeable bases, which accounted for 3-
13% of the ECEC. Exchangeable K averaged 0.04-0.09 cmol/kg for both sites. The 
corresponding values for exchangeable Na, Ca and Mg were 0.09-0.10 cmol/kg, 
0.07-0.85 cmol/kg and 0.05-0.14 cmol/kg. Intense leaching under the hot humid 
conditions probably accounted for the low exchangeable bases of the soil. 
6. The soil conditions are largely sub-optimal to plant growth, and the likely 
problems include strong acidity, Al toxicity, low fertility and inadequate TKN. 
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7. In enrichment planting of these fire-affected slopes, it is necessary to select 
species that can tolerate low pH, high Al and low fertility soils. Alternatively, liming, 
organic amendment of the soil and fertilizer replenishment are required to assist 
growth of the rehabilitated species. 
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Chapter 5 
SURVIVAL AND GROWTH PERFORMANCE 
5.1 Introduction 
In many areas of the tropical and subtropical region, both the residual stands 
and seedling banks of valuable native species are reduced by deforestation. To 
compensate for this loss, there is a growing need to regenerate artificially native tree 
species in forest management (Evans 1992; Moura-Costa 1995). The regeneration 
program is targeted for abandoned pastures, disused mines and quarries, deforested 
sites and other degraded lands. The results are mixed due to diverse environmental 
conditions, different management inputs and lack of relevant knowledge. The 
rehabilitated native species differ greatly in survival rate and growth performance. 
The management strategies of artificially regenerated forests would vary 
with the purposes of plantation; namely, social, economic, ecological and 
recreational. The success or failure of a plantation needs to be evaluated against its 
ability in meeting the purpose of planting and fulfilling the specific requirements. It 
is perhaps easier to satisfy the general public than the professionals in the ecological 
restoration of degraded lands. The public would be contented with the 
reestablishment of vegetation cover on the barren lands that are unsightly and 
inhospitable (Harris et al 1996). They do not care too much about the structure and 
functions of the regenerated forests. To the foresters, however, the regenerated 
vegetation has to meet specific functions in the environment. If the objective of 
regeneration is wildlife preservation, the regenerated forest should be able to 
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provide the necessary food source, shelter and habitats. Likewise, the choice of 
species would depend on the purposes of regeneration. For timber collection, high 
survival and rapid growth rates with good tree forms are of paramount importance 
(Butterfield and Fisher 1994). For agroforestry, the growth rate, economic value, 
acceptance by farmers and ameliorative effects on soils are important criteria 
(Montagnini et al 1995b). In ecological rehabilitation and conservation, the 
emphasis is shifted to the ecological functions of the plantation, such as the capacity 
of the species to stabilize soils, ameliorate soils and facilitate understorey 
development (Parrotta 1992). 
The purpose of the compensatory woodland project in Tung Chung is 
habitat conservation, with special emphasis on the re-establishment of a native forest 
to compensate for the loss of habitats arising from airport construction (Greiner-
Maunsell, 1991). It represents a typical example of compensatory planting outside 
the disturbed site. Given this target, the establishment of some characteristics of the 
original ecosystem as well as the conservation of biodiversity would be considered a 
success. Indeed, some rare species such as the pitcher plant Nepenthes mirabilis 
needs to be protected in the area. The introduction of native species not normally 
found in the area also helps to conserve the native flora and attract wildlife. Hong 
Kong was once covered by monsoon hardwood forests and centuries of human 
activities had reduced them to fragmented habitats of bare slope, grassland, 
shrubland and woodland (Thrower 1984). It is impossible to rote copy what had 
been there before, yet imitation of a hardwood forest could be an answer to the 
problem. 
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About two-thirds of the tropical plantations are dominated by exotic 
eucalypts and pines (Evans 1992) although 80 percent of the world's plant species 
are found in the tropics. Research on tropical plantations is mainly found in Central 
America (e.g. Butterfield and Fisher 1994; Gonzalez and Fisher 1994; Montagnini et 
al. 1995a, 1995b; Haggar et a/. 1998). Of the scanty information available, native 
tree plantations are more concerned with the production of high quality hardwood 
timber than conservation (Moura-Costa 1995). As relatively little research has been 
done in Asia, the documentation of growth of native species in the present study 
will partly bridge this knowledge gap. 
The functional role of vegetation in ecological rehabilitation depends on the 
ability of the species to survive and grow under the specific environment (Harris et 
al 1996). Factors affecting early establishment of the planted species are numerous 
and multifaceted, including quality of the seedlings, planting methods, post-planting 
care, competition, nutritional, physiological and environmental factors (Evans 1992; 
Moura-Costa 1995). Species adapt differently to environmental factors in the wild, 
and the selection of appropriate native species is most crucial to successful 
restoration (Butterfield and Fisher 1994). From the experiences gained in Central 
America, the survival and growth performance of native tree species is governed by 
two factors, namely the species' sensitivity to microclimate conditions and adequate 
management inputs such as weed control (Montagnini et al 1997). The first is 
analogous to special ecological requirements of the species, including light, water 
and nutrients. The second factor refers to the removal of weeds competing with the 
rehabilitated seedlings for space, light and water (Montagnini et al. 1995b). Hong 
Kong is basically frost-free and plants grow all the year round. Many species found 
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on fire-affected slopes are fast growing pioneer species, which possess rhizomes and 
rootstocks. Typical examples are the fern Dicranopteris linearis and the shrubs of 
Rhodomyrtus tomentosa and Smilax china. They regenerate and grow rapidly after 
the passage of fire. Will the native species planted in Tung Chung face the problem 
of competition from the existing vegetation? There is virtually no information on the 
use of native species in forest regeneration in Hong Kong. The objectives of this 
experiment are threefold: (a) to examine the survival rate, height and basal diameter 
of the rehabilitated native species; (b) to investigate the height and basal diameter 
growth of the species; and (c) to generalize from the results some broad criteria that 
are useful in the selection of native species for enrichment planting in future. 
Many studies have shown that fast growing, shade-intolerant species are 
more readily established on degraded sites than the slow growing, shade-tolerant 
species (e.g. Yu 1990; Montagnini et al 1995b). It was also reported that 
established tropical tree plantation of either native or exotic species could facilitate 
the gradual recolonization of native forest species (Lugo 1988; Fang and Peng 1997; 
Harrington and Ewel 1997; Keenan et al. 1997). These established plantation species 
are usually fast growing and shade-intolerant (Yu 1990; Montagnini et al 1995b; 
Lugo 1997) and majority of them are exotic legumes with a capacity to fix 
atmospheric nitrogen. They can facilitate forest succession in their understorey with 
modified microclimate and soil conditions. For instance, a total of 78 native woody 
species were recorded from the understorey layer of six exotic plantation woodlands 
in Hong Kong (Au 2000). 
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Of the 50 species planted in Tung Chung, Castanopsis fissa, Castanopsis 
lamontii, Quercus edithae, Quercus myrsinaefolia and Lithocarpus harlandi belong 
to the family Fagaceae (oak family) and Persea breviflora, Persea ichangensis, 
Persea suaveolens, Persea thunbergii, Listea cuheba, Litsea glutinosa, Litsea 
monopetala and Cinnamomum camphora belong to the family Lauraceae (see Table 
5.1). Fagaceae and Lauraceae are believed to be the climax families in local 
ecological succession (Catt 1986; Corlett 1997). In Hong Kong 35 native species 
are recorded in the Fagaceae family, and the most common species is Castanopsiss 
fissa (Thrower 1975; Hodgkiss et al. 1980). The Lauraceae is also represented by 
about 30 species, the most common of which is Cinnamomum camphora. Fagaceae 
has a more restricted distribution and is mainly confined to the montane forest 
whereas Lauraceae is the most dominant family in the secondary forest (Zhuang 
1993). Myrtaceae, Euphorbiaceae, Moraceae and Theaceae are widespread in both 
scrublands and secondary forests. Does it mean that species with wider distribution 
are able to survive under different environmental conditions and hence more suitable 
for enrichment or rehabilitation planting? Alternatively, should we avoid the use of 
species from the Fagaceae family that are confined to specific habitats? We simply 
do not have the basic guidelines in the selection of native species. 
Five of the planted species are protected trees in China, namely Artocarpus 
hypargyrea, Camellia crapnelliana, Camellia grcmthamiana, Aquilaria sinensis 
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Table 5.1 General description of the revegetated seedlings in Tung Chung  
Species Family^ Maximum Distributions and general information '^  
height (mf 2,3.4,6 
Alangiwn chinense* Alangiaceae 15 FE, P; evergreen 
Aquilaria sinensis* Aquilariaceae 25 FW & SF; evergreen 
Schefflera octophylla* Araliaceae 18 SF& FW， 
Peltophorum pterocarpum Caesalpiniaceae / Deciduous 
Viburnum odoratissimum Caprifoliaceae 15 FE; evergreen 
Antidesma bunius Euphorbiaceae 10 FW 
Aporusa chinensis Euphorbiaceae 11 S & SF; ASI 
Bischofia trifoliata Euphorbiaceae 40 FW, P; evergreen 
Bridelia monoica Euphorbiaceae 12 S &’Fk � 
Endospermum chinense Euphorbiaceae 35 PW 
Mallotuspaniculatus* Euphorbiaceae 15 FE; evergreen 
Phyllanthus emblica* Euphorbiaceae 15 S & FE; deciduous 
Sapium discolor* Euphorbiaceae 20 FE; deciduous 
Adenanthera pavonina Fabaceae' 20 FW; deciduous 
Ormosia emarginata* Fabaceae丨 10 S &’FE; deciduous 
Castanopsisfissa* Fagaceae 20 SF & FW，P; evergreen 
Castanopsis lamontii Fagaceae 30 SF 
Lithocarpiis harlandi Fagaceae 30 Rare 
Ouercus edithae Fagaceae 15 SF, P; evergreen 
Quercus myrsinaefolia Fagaceae 22 SF; evergreen 
Liquidambar formosana Hamanelidaceae 40 SF, P; deciduous; ASI 
Cinnamomum camphora Lauraceae 30 FW, P; evergreen 
Listea cubeba'' Lauraceae 10 FE; deciduous 
Lis tea glutinosa* Lauraceae 15 S & FE; evergreen 
Listea monopetala Lauraceae 18 FW, P; evergreen 
Persea breviflora Lauraceae — 8 SF; evergreen 
Persea ichangensis Lauraceae / / 
Persea suaveolens Lauraceae 8 FW & near streams 
P隨a thunbergii Lauraceae 20 Montane SF; evergreen 
Thespesia populnea Malvaceae 8 Rare, costal area 
Artocarpus hypargyrea Moraceae 10 SF & P; evergreen 
Ficus microcarpa* Moraceae 30 Rocky habitats, P; evergreen 
Ficus wightiana Moraceae 26 SF, coastal areas; deciduous 
Myrica rubra Myricaceae 15 S & SF; evergreen; ASI 
^fdisia crenata Myrsinaceae / Understorey shrub on damp soil 
Cleistocalyx operculata Myrtaceae 15 FW, riparian habitat; evergreen 
Rhaphiolepis indica* Rosaceae 5 S; shade-intolerant; ASI 
Ailanthusfordii* Simambaceae 5 Rare, P; evergreen 
Steculia lanceolata* Sterculiaceae 12 SF, riparian habitat; evergreen 
Reevesia thyrsoidea* Sterculiaceae 7 S & SF; evergreen 
Pterospermum heterophyllum Sterculiaceae 20 Rare; evergreen 
Keteleeriafortunei Pinaceae 30 Rare; evergreen 
Camellia crapnelliana Theaceae 20 Rare; evergreen; ASI 
Camellia granthamiana Theaceae 8 Very rare; evergreen; ASI 
Gordonia axillaris * Theaceae 15 S & FE; evergreen; ASI 
Schima superba Theaceae 30 FW, P; evergreen ； shade-intolerent; ASI 
Tutcheria spectabilis Theaceae 12 Rare; evergreen; ASI 
Micro cos paniculate* Tiliaceae 12 FE 
Celtis sinensis Ulmaceae 20 Disturbed area, P; deciduous 
quinata* Verbenaceae 12 FW; evergreen  
'Hou 1 9 5 4 , �o u 1982’ thrower 1988/Cheung and Li 1991 广 Anon. 1993广 Zhuang e/a/. 1997. 
FE: At forest edge or young lowland secondary forest 
SF: Lowland secondary forest 
FW: feng shui woodlands 
S: Scrubland 
P: Planted occassionally in Hong Kong but performance unknown. 
ASI: Acid soil indicator plant or Al, Mn accumulator. 
*Species also existing in nearby woodlands 
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and Keteleeria fortunei. Camellia granthamiana was first discovered in Hong Kong 
(Zhuang 1993) while Keteleeria fortunei is a rare plant now extensively propagated 
in the Tai Tong Tree Nursery of AFCD. While trees are protected for different 
reasons, the five species are rare plants in Hong Kong. If they can survive the 
specific environment in Tung Chung and exhibit a reasonably good growth, it will 
be most helpful to their protection in the long run. Because of their rarity in the 
natural environment, does it mean that they cannot be established as readily as other 
native species under identical growth conditions? 
Although all the planted species- are classified as trees, many exhibit shrub-
like forms in the scrublands of Hong Kong. The typical examples include Gordonia 
axillaris, Quercus myrsinaefolia and Rhaphiolepis indica (Zhuang 1993). Ardisia 
crenata is actually categorized as a shrub by Thrower (1976). Do these species 
possess a competitive advantage over the genuine tree species in an open 
environment like Tung Chung? 
Some species are found mainly at the edge of scrubland and forest (e.g. 
Litsea cuheha, Myrica rubra and Rhaphiolepis indica) while some are found only 
in the secondary forest and feng shui woods (e.g. Schefflera octophylla, 
Castanopsis fissa) (Zhuang 1993). With a different requirement of light intensity for 
growth, how will they perform in an open slope with minimum shade? In ecological 
restoration, it has been recommended to put in as many vegetative materials as 
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possible and let nature does the selection. This is, however, not necessarily cost-
effective. 
Adenanthera pavonina and Ormosia emarginata are leguminous species of 
the family Fabaceae. It is not known if they have a capacity to fix atmospheric 
nitrogen and grow as well as the exotic acacias (e.g. Acacia confusa. Acacia 
auriculiformis and Acacia mangium) on different degraded environments in Hong 
Kong. 
Therefore, the fifty native species selected for compensatory planting in 
Tung Chung represent 24 families, each different in abundance, distribution, 
occurrence and biological properties under the natural environment (Table 5.1). As 
this is the first enrichment planting involving the exclusive use of native species in 
Hong Kong, the present study helps to screen the most suitable species for future 
use. Results obtained from this experiment will give answers to the following 
specific questions: 
1. What is the overall survival rate of the 50 species? What species exhibit the 
highest and lowest survival rate? 
2. How do the species differ in height and basal diameter 5 years after planting? 
3. What are the fastest and slowest growing species with reference to height 
and basal diameter increment? 
4. Is there an empirical relationship between survival rate and height, basal 
diameter, height growth and basal diameter growth and, if yes, what are the 
likely implications? 
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5. How do the protected and rare species in Hong Kong {Artocarpus 
hypargyrea. Camellia granthamiana. Camellia crapnelliana, Aquilaria 
sinensis and Keteleeria fortunei) grow in the fire-affected open environment? 
6. Can species with restricted distribution (Fagaceae family) grow in the fire-
affected open environment? 
7. Do the shrubs of Gordonia axillaris, Quercus myrsinaefolia and 
Rhaphiolepis indica possess a competitive advantage over the tree species? 
8. Do the species normally found at shrubland and forest edges {Litsea cubeba, 
Myrica rubra and Rhaphiolepis indica) perform better than those normally 
found in secondary forest and feng shui woods {Schefflera octophylla and 
Castanopsis fissa)! 
9. Can the two native legumes Adenanthera pavonina and Ormosia 
emarginata survive and grow well on the fire-affected open environment? 
10. What are likely the major problems affecting the survival and growth 
performance of the planted species? 
11. Overall, what are the most suitable species that can be used in future 
enrichment planting? Likewise, what are the least suitable species and why? 
12. What rules or criteria can we generalize from the findings on the selection of 
native species for future planting? 
5.2 Methodology 
5.2.1 Sampling 
The trial plots were planted by AFCD in March 1994. The department had 
been responsible for the maintenance of the plots, including annual weeding in 
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autumn (October to November), fertilizer application, beating up planting and fire 
protection. As water is not available on site, the saplings were never watered. 
AFCD also monitored growth of the species and undertook to measure the survival 
rate, height and basal diameter growth in April 1995. The data were made available 
to the author. 
The author subsequently took up the study and continued with the 
monitoring work in June 1998 and April 1999, with the consent of AFCD. Survival 
rate, height and basal diameter were measured in much the same way as AFCD. 
Height and basal diameter increment were also assessed for specific period of time. 
In other words, the species had been planted for 4 to 5 years when continuous 
measurements were carried out by the author in 1998 and 1999. This is necessary 
for two reasons. First, the maintenance work of the trial plots was contracted out by 
AFCD immediately after planting. A beaver type weed eater was used in the control 
of weeds or the overgrown vegetation, mostly grasses, ferns and tiny shrubs. Very 
often the tops of the planted species were also removed, resulting in an 
underestimation of the survival rate. The situation had improved slightly in 1998 
when the planted species were circled by red paint before weeding. Despite this, it is 
still very difficult to identify some of the slower growing species that are dwarfed by 
the existing vegetation. Second, growth performance of the species is better 
assessed several years after planting bearing in mind that they have adapted to the 
growth environment by then. The results obtained in this study would, therefore, 
truly represent the performance of the species during their early stage of growth. 
Measurement was taken for 2 years in order to witness any changes during this 
vigorously growing stage. 
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Each species was identified in the field and individual trees were tagged with 
colored strings in 1998, where possible. Many of these strings were lost, for 
unknown reasons, in the measurement taken in April 1999. Although beating up 
planting had been carried out in trial plot A in early 1999’ the newly planted species 
were excluded in this study. 
The survival rate was recorded as the percentage of individuals found alive 
at the trial plots. Each tree was measured with a long ruler for height and with a 
caliper for basal diameter (Plate 5.1), similar to what AFCD had done in April 1995. 
5.2.2 Data processing and statistical analysis 
All the data were tabulated and calculated with spreadsheet Microsoft Excel 
97. The growth rate was estimated as the increment of height and basal diameter per 
year. Linear regression analysis was performed separately between survival rate and 
height, basal diameter, height growth and basal diameter growth, using SPSS 7.5 
for Windows. Multiple regression analysis was also performed between survival rate 
and height and basal diameter, as well as between survival rate and the increment of 
height and basal diameter. Confidence limit of the statistical analysis was set at 
pO.OOl. 
5.3 Results and Discussion 
5.3.1 Survival rate 
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Among the 50 species planted, only 4 species recorded a survival rate above 
50%, namely Reevesia thyrsoidea, Schima superba, Sterculia lanceolata and Litsea 
glutinosa (Figure 5.1). Both Reevesia thyrsoidea and Sterculia lanceolata are key 
components of the secondary forest in Hong Kong (Zhuang et al. 1997). The 
highest survival rate coincided with Reevesia thyrsoidea (70.5%) and Schima 
superba (70%), which incidentally occurred in trial plot B (Table 5.2). Schima 
superba is an evergreen shade-intolerant species, which is sometimes found at the 
edge o f f e n g shui woods. 
There are 18 species with a survival rate above 20%, 8 of which commonly occur at 
forest edge indicating that they may be shade-intolerant hence suitable to grow in 
this open site (Table 5.2 & 5.3). Among these 18 species, the distribution by family 
is as follows: Tiliaceae (1), Rosaceae (1), Myricaceae (1), Fagaceae (1), 
Caprifoliaceae (1)，Caesalpiniaceae (1), Euphorbiaceae (3), Lauraceae (4) Theaceae 
(3), and Sterculiaceae (2). It seems that species from the Euphorbiaceae, Lauraceae 
and Theaceae families tend to survive better than the other species. This is, however, 
inconclusive because a greater variety of species from these three families had been 
planted in the site. Notwithstanding this, many of the acid soil indicators plants in 
South China, including Gordonia axillaris (43%), Tutcheria spectabilis (46.5%) 
and Schima superba (70%)，belong to the Theaceae family (Hou 1954). The 
potential of acid soil indicator plants in enrichment and rehabilitation planting will be 
further examined in Chapter 6. 
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Among the 18 species that are present in the nearby woodland, 11 yielded a 
survival rate greater than 20%, 6 barely managed to survive while Alangium 
chinensis died completely (Tables 5.2 & 5.3). This clearly shows that survival rate is 
not the only factor to be considered in the selection of species. The quality of the 
seedlings and post-planting care are equally important in accounting for their 
survival rate. Unfortunately, the retrospective approach adopted in this study did 
not permit investigation of these factors. 
Of the 7 species from the Fagaceae family, Castanopsis fissa recorded the 
highest survival rate of 35.5%, being followed by Quercus myrsinaefolia (9.0%), 
Adenanthera pavonina (8.1%), Castanopsis lamontii (6.5%), Quercus edithae 
(3.3%), Ormosia emarginata (2.0%) and Lithocarpus harlandi (0%). As Fagaceae 
is regarded as a climax family, its species usually dominate the montane forest at the 
altitude of 400-500m (Zhuang and Corlett 1997). There is a distinct change of 
vegetation and soils from lowland forest to montane forest (Grant 1986), which has 
the characteristics of subtropical taxa (Zhuang 1993). It is not known if the low 
survival rate is a result of low elevation of the trial plot (100-200m) or infertility of 
the soils. Other factors being equal, climax species are more nutrient demanding that 
early successional species. As shown in Chapter 4, the soils are strongly acidic and 
contain low levels of SOM, TKN, phosphorus and cation nutrients. It is thus 
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Table 5.2 Survival rate (%) of the revegetated species (1994 - 1999), 
“ Plot A ‘ 
Survival Rate (%•) 
No. of Number of 
Species Seedlings April 1995 June 1998 April 1999 existing 
Planted in 
— March 1994 saplings 
Adenanthera pavonina 160 75.0 20.0 8.1 13 
Ailanthus fordii 160 84.4 33.1 10.6 17 
Alangium chinensis 160 33.1 0.0 0.0 0 
Antidesma bunius 160 75.0 5.6 0.0 0 
Aporusa chinensis 200 82.5 20.5 17.0 34 
Aquilaria sinensis 200 50.5 5.0 1.0 2 
Ardisia crenata 45 11.1 0.0 0.0 0 
Artocarpus hypargyrea 200 36.0 1.0 0.0 0 
Bischofia trifoliata 200 61.0 1.5 0.0 0 
Bridelia monoica 100 67.0 44.0 0.0 0 
Camellia crapnelliana 200 48.2 1.0 0.5 1 
Camellia granthamiana 63 44.4 11.0 3.2 2 
Castanopsis fissa 200 34.0 37.5 35.5 71 
Castanopsis lamontii 200 27.0 6.5 6.5 13 
Celtis sinensis 200 75.5 2.5 0.5 1 
Cinnamomum camphora 200 51.0 11.0 5.5 11 
Cleistocalyx operculata 200 45.0 9.0 11.0 22 
Endospermum chinensis 200 15.5 5.0 1.0 2 
Ficus microcarpa 50 82.0 18.0 2.0 1 
Ficus wightiana 78 50.0 3.8 0.0 0 
Gordonia axillaris 200 18.5 47.0 43.0 86 
Keteleeria fortunei 200 8.0 14.0 14.0 28 
Liquidambar formosana 200 1.0 3.5 0.0 0 
Lithocarpus harlandi ^ ^ 0_ 
Sub-total 4 ,136 Survival Rate in trial plot A: 7.4% ^ 
PlotB 
Survival Rate (%) 
No. of Number, of 
Species Seedlings April 1995 June 1998 April 1999 existing 
Planted in 
March 1994 saplings 
Litsea cubeba 100 85.0 36.0 33.0 33 
Litsea glutinosa 200 81.5 43.0 56.5 113 
Litsea monopetala 200 55.5 0.0 0.0 0 
Persea breviflora 200 63.5 41.5 33.0 66 
Persea ichangensis 200 61.0 8.0 5.5 11 
Persea suaveolens 200 57.0 24.5 16.0 32 
Persea thunbergii 200 57.5 32.0 30.0 60 
Mallotus paniculatus 200 80.0 35.5 29.5 59 
Microcos paniculata 200 55.0 14.5 24.5 49 
Myrica rubra 200 54.5 31.5 34.5 69 
Ormosia emarginata 200 60.5 - 2.0 4 
Peltophorum pterocarpum 89 46.1 - 32.6 19 
Phyllanthus emblica 200 58.5 15.5 26.0 52 
Pterospermum heterophyllum 200 58.0 11.0 7.5 15 
Quercus edithae 90 65.6 5.5 3.3 3 
Quercus myrsinaefolia 200 15.0 8.0 9.0 18 
Reevesia thyrsoidea 200 64.5 54.0 70.5 141 
Rhaphiolepis indica 200 56.0 26.0 34.0 68 
Sapium discolor 200 45.0 36.5 30.0 60 
Schefflera octophylla 200 24.0 11.0 12.5 25 
Schima superba 200 73.5 75.0 70.0 140 
Sterculia lanceolata 200 58.0 52.0 51.5 103 
Thespesia populnea 200 52.5 13.0 9.0 18 
Tutcheria spectabilis 200 59.0 56.0 46.5 93 
Viburnum odoratissimum 200 80.0 40.0 37.5 75 
仍tex quinata ^ ^ ZQ 14 
Sub-total 4 ,879 Survival Rate in plot B: 27.7% 1350 
Total 9,015 Total Survival Rate: 18.3% 1654 
Data of 1994-1995 were provided by Agriculture and Fisheries DepartmcnL 
Missing data represent that the species was not found. 
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crucial to select species that will match the nutrient supplying capacity of the soils. 
Castanopsis fissa is an exception; it can be found in a wide range of habitats ranging 
from borrow areas to feng shui woods. It is a fast growing species under full sun 
conditions, but as a seedling in the feng shui woods, it is also shade-tolerant. 
Fourteen out of the 50 species are associated with the feng shui woods, 
which had been protected by the villagers due to the traditional belief in geomancy. 
The rich flora represents remnants of the ancient forest of Hong Kong (Thrower 
1975b). The survival rate of these feng shui woods species varied from less than 1% 
{Antidesma bunius, Bischofia trifoliata, Bridelia momica, Litsea monopetala) to 
1-20% {Aquilaria sinensis, Schefflera octophylla, Endospermum chimnsis, 
Adenanthera pavonina, Cinnamomum camphora, Persea suaveolens, Cleistocalyx 
operculata, Vitex qiiinata), 21-40% (Castanopsis fissa) and 61-80% {Schima 
superha) (Tables 5.2 & 5.3). Feng shui woods occur on better soils than the 
lowland secondary forests because they have been protected from any major 
disturbances (Zhuang 1993). The low survival rate of these species, except Schima 
superba, could be caused by two factors. One is the poor quality of the soils, which 
cannot meet the nutrient requirement of the climax or near climax species. This is 
reminiscent of the situation of the Fagaceae family discussed above. The other 
factor is related to the open environment of a fire-affected slope, which offers no 
shade protection to the species. The light intensity requirement of the species 
belonging to the Fagaceae family and feng shui woods, therefore, warrants further 
study. 
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Table 5.3 Classification of the revegetated species according to the survival rate. 
S^iva l~Spec ies Family' Distributions and 
Rate m General Information' ’ ‘‘ ^ 
Class  
<l°/o Alangium chinense* Alangiaceae FE, P; evergreen 
Antidesma bunius Euphorbiaceae FW 
Bischofia trifoliata Euphorbiaceae FW, P; evergreen 
Bridelia monoica Euphorbiaceae S & FW 
Lithocarpus harlandi Fagaceae Rare 
Liquidambar formosana Hamanelidaceae SF, P; deciduous; ASI 
Listea monopetala Lauraceae FW, P; evergreen 
Artocarpus hypargyrea Moraceae SF & P; evergreen 
Ficus wightiana Moraceae SF, coastal areas; deciduous 
Ardisia crenata Myrsinaceae Understorey shrub on damp soil 
Camellia crapnelliana Theaceae Rare; evergreen; ASI 
Celtis sinensis Ulmaceae Disturbed area, P; deciduous  
l%-20% Aquilaria sinensis* Aquilariaceae FW & SF; evergreen 
Schefflera octophylla'' Araliaceae SF&FW 
Aporusa chinensis Euphorbiaceae S & SF; ASI 
Endospermum chinense Euphorbiaceae FW 
Adenanthera pavonina Fabaceae^ FW; deciduous 
Ormosia emarginata* Fabaceae^ S & FE; deciduous 
Castanopsis lamontii Fagaceae SF 
Quercus edithae Fagaceae SF, P; evergreen 
Quercus myrsinaefolia Fagaceae SF; evergreen 
Cinnamomum camphora Lauraceae FW, P; evergreen 
Persea ichangensis Lauraceae / 
Persea suaveolens Lauraceae FW & near streams 
Thespesia populnea Malvaceae Rare, coastal area 
Ficus microcarpa* Moraceae Rocky habitats, P; evergreen 
Cleistocalyx operculata Myrtaceae FW, riparian habitat; evergreen 
Ailanthusfordii* Simarubaceae Rare, P; evergreen 
Pterospermum heterophyllum Sterculiaceae Rare; evergreen 
Keteleeria fortunei Pinaceae Rare; evergreen 
Camellia granthamiana Theaceae Very rare; evergreen; ASI 
Vitex quinata* Verbenaceae FW; evergreen  
21-40% Viburnum odoratissimurn Caprifoliaceae FE; evergreen 
Mallotus paniculatus* Euphorbiaceae FE; evergreen 
Phyllanthus emblica* Euphorbiaceae S & FE; deciduous 
Sapium discolor* Euphorbiaceae FE; deciduous 
Castanopsisfissa* Fagaceae SF & FW，P; evergreen 
Listea cubeba* Lauraceae FE; deciduous 
Persea brevijlora Lauraceae SF; evergreen 
Peltophorum pterocarpum Caesalpiniaceae Deciduous 
Persea thunbergii Lauraceae Montane SF; evergreen 
Myrica rubra Myricaceae S & SF; evergreen; ASI 
Rhaphiolepis indica* Rosaceae S; shade-intolerant; ASI 
Microcos paniculata* Tiliaceae FE  
41-60% Listea glutinosa* Lauraceae S & FE; evergreen 
Sterculia lanceolata* Sterculiaceae SF, riparian habitat; evergreen 
Gordonia axillaris* Theaceae S & FE; evergreen; ASI 
Tutcheria spectabilis Theaceae Rare; evergreen; ASI  
61-80% Reevesia thyrsoidea* Sterculiaceae S & SF; evergreen 
Schima superba Theaceae FW, P; evergreen ； shade-intolerant; ASI 
'Hou 1954，^Hou 1982, •"Thrower 1988，^ Cheung and Li 1991，�Anon. 1993，�Zhuang et al. 1997. 
FE: At forest edge or young lowland secondaiy forest 
SF: Lowland secondaiy forest 
FW: feng shui woodlands 
S: Scrubland 
P: Planted occassionally in Hong Kong but performance unknown. 
ASI: Acid soil indicator plant or Al, Mn accumulator. 
* Species also existing in neaiby woodlands 
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There were 5 rare and protected species planted in Tung Chung. Keteleeria 
fortunei yielded the highest survival rate of 14%, being followed by Camellia 
granthamiana (3.2%), Aquilaria sinensis (1.0%), Camellia crapnelliana (0.5%) 
and Artocarpus hypargyrea (0%) (Figure 5.1 & Table 5.2). This clearly shows that 
the rare and protected species are not suitable for the disturbed environment in 
Tung Chung. They may have special requirements of the soil, shade and intensity of 
culture. 
Until 1999 ten species failed to survive, including Alangium chinensis, 
Antidesma burnius, Ardisia crenata, Artocarpus hypargyrea, Bischofia trifoliata, 
Bridelia monoica, Ficus wightiana, Liquidambar formosana, Lithocarpus harlandi 
and Litsea monopetala (Figure 5.1 & Table 5.2). Apart from Lithocarpus harlandi, 
Litsea monopetala, Ardisia crenata and Alangium chinensis, the other 6 species 
still recorded a survival rate of 1.0-44% in 1998. Among them, Bridelia monoica 
recorded a drop of survival rate from 67% in 1995 to 44% in 1998 and 0% in 1999. 
It is unusual because this evergreen fast growing species can be found in a wide 
range of environments, from the shrubland to feng shui woods. There are many 
factors accounting for their failure to survive on the open slopes. First and foremost 
is the fact that Antidesma bimiiis, Bischofia trifoliata, Bridelia monoica and Litsea 
monopetala are feng shui woods species. Likewise, Liquidambar formosana is a 
late successional species which prefers to grow on moist fertile soil while Ardisia 
crenata is a shade-tolerant understorey species in the natural environment (Cheung 
and Li 1991). Second, the much-reduced rainfall in 1999 could also account for the 
mortality of the species. 
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Camellia crapnelliana and Celtis sinensis recorded a survival rate of only 
0.5% in 1999. As aforesaid Camellia crapnelliana is a slow growing rare species, 
which prefers fertile soils and a protected habitat. Celtis sinensis is a slow growing 
semi-deciduous tree that thrives well in all but the poorest soils (Thrower 1988). 
For the species from the Moraceae family, Ar to carpus hypargyrea and Ficus 
wightiana died completely while Ficus microcarpa yielded a survival rate of 2% 
only. Ficus microcarpa prefers a rocky habitat while Ficus wightiana is abundantly 
found in the coastal areas. Hence, the soil conditions in Tung Chung are not suitable 
for these two species. 
In Hong Kong the exotic legumes of Acacia auriculiformis. Acacia confusa 
and Acacia mangium have been grown extensively to revegetate the degraded lands. 
They are fast growing and have a capacity to fix atmospheric nitrogen. Nowadays, 
there is a compelling need to search for native legumes to replace the exotic 
counterparts. Unfortunately, the two legumes of the Fabaceae family recorded a low 
survival rate of 2% {Ormosia emarginata) and 8.1% {Adenanthera pavonina) in 
1999 compared to the corresponding values of 60.5% and 75% in 1995 (Table 5.2). 
This may be due to the fact that many nitrogen fixing species have high demand for 
phosphorus and low tolerance of soil acidity at the seedling stage (Kendle and 
Bradshaw 1992). This issue will be addressed again in Chapter 6. 
Five years after planting, the overall survival rate of saplings in the two trial 
plots was equivalent tol8.3% (Table 5.2). The survival rate was higher in plot B 
(27.7%) than plot A (7.4%), yet species difference precluded a direct comparison 
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between the sites. While the soils of site B were more fertile, better aerated and less 
compacted than site A (see Chapter 4), it is not known if this could account for the 
4-fold difference in survival rate between the two plots. Altogether, there were 
4,136 seedlings planted in plot A compared to 4,879 seedlings in plot B. In this 
context, there were only 3 species in plot B whereby the number of seedlings 
planted was below the maximum of 200 compared to 9 species in plot A. Other 
factors being equal, the fewer the number of species planted, the greater the 
difficulty to identify them in the field. Indeed, the planting pattern is more systematic 
and organized in plot B than plot A. Similarly, it is easier to identify the species in 
plot B than in plot A during weeding. 
Of course, the different survival rates recorded for plots A and B could also 
be a result of variations in species adaptability. As aforesaid in Chapter 3，the 
species were arranged according to alphabetical order for the two plots. Incidentally, 
15 out of 24 species in plot A were categorized as feng shui woods, late 
successional and rare species compared to 7 in plot B. These species prefer to grow 
on better soils and in a protected environment. Conversely, most of the species 
planted in plot B can be found in secondary forest or shrubland in the natural 
environment. 
There was a decline of survival rate with time for all the 50 species, and this 
decline was faster in plot A than plot B. For the first measurement taken in 1995 by 
AFCD, Ardisia crenata, Endospermum chinensis and Liquidambar formosana in 
plot A yielded a low survival rate of 11.1%, 15.5% and 1.0% respectively, while the 
saplings of Lithocarpus harlandi had died off completely (Table 5.2). While 
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Endospermum chinensis struggled with a survival rate of 1% in 1999, Ardisia 
crenata and Liquidamhar formosana had disappeared from the trial plot. In 1995, 
the most promising species appeared to be Ailanthus fordii (84.4%), Aporusa 
chinensis (82.5%), Ficus microcarpa (82%), Litsea cubeba (85%), Litsea glutinosa 
(81.5%), Mallotuspaniculata (80%) and Viburnum odoratissimum (80%). In 1999, 
however, their survival rates were reduced to 10.6%, 17.0%, 2.0%, 33.0%, 56.5%, 
29.5% and 37.5%, respectively. 
The survival rate of 9 species obtained in 1999 was higher than that of 1998， 
notably Cleistocalyx operculata in plot A, and Litsea glutinosa, Microcos 
paniculata, Myrica rubra, Phyllanthus emblica, Quercus myrsinaefolia, Reevesia 
thyrsoidea, Rhaphiolepis indica, and Schefflera octophylla in plot B. As weeding 
was carried out in October to November each year, the survival rate obtained in 
June 1998 could have been underestimated due to the overgrown weeds. After 
being trimmed back in the previous autumn, the weeds started to grow vigorously in 
summer taking advantage of the rain. Because of this, probably a more reliable 
estimate of survival rate was obtained in April 1999 because the weeds might not 
have grown back yet after being trimmed in the autumn of 1998. Thus, the result 
obtained in April 1999 is a genuine estimate of the survival rate of the 5-year-old 
species. It also highlights severity of the weed problem in enrichment planting in 
• Hong Kong. 
Nevertheless, the overall survival rate of 18.3% is very low compared to 
over 50% reported by Butterfield and Fisher (1994), Montagnini et al (1995 & 
1997), (Haggar et al 1998) and Gonzalez and Fisher (1994). According to Evans 
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(1992), if more than 1,250 trees per hectare were planted, 20 per cent mortality will 
be considered acceptable. Each of the present trial plots had more than 4,400 trees 
per hectare in 1994. However, out of the 4,136 trees planted in plot A, only 304 
remained alive in 1999. The situation was better in plot B, where 1,350 out of 4,879 
trees had survived. The overall mortality is greater than 80%, which is unacceptable 
according to the prescribed standard. When the estimate was conducted one year 
after planting in 1995, only 7 species recorded a survival rate greater than 80% 
while 18 species had survival rate less than 50%. 
Notwithstanding the low survival rate, enrichment planting has attracted 
some wildlife to the area. Bird nests are sighted on the Myrica rubra and Tutcheria 
spectabilis stands, while ants and insects are abundant among the Litsea cubeba, 
Litsea glutinosa, Castanopsis fissa and Sapium discolor stands. In particular, the 
birds can facilitate the invasion of other species to the area. 
5.3.2 Growth performance between trial plots 
After 5 years of growth, the average height of the species varied from 23.0 
cm {Celtis sinensis) to 117.0 cm (Camellia crapneliana) in plot A and 33.5 cm 
{Peltophorumpterocarpum) to 238.3 cm {Schima superba) in plot B (Figure 5.2 & 
Table 5.4). Four out of the 24 species planted in plot A yielded a height greater than 
100 cm compared to 12 species out of 26 in plot B. The species in plot B, therefore, 
grew taller than those in plot A. 
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Majority of the species recorded an increment in height from 1995 through 
1999，although the rate of increment varied considerably among the species. The 
height of Endospermum chinensis in plot A, for instance, increased from 31.5 cm in 
1995 to 42.1 cm in 1998 and 58.0 cm in 1999 (Table 5.4). The same pattern is also 
found for Ficus microcarpa in plot A and Phyllanthus emblica, Pterospermum 
heterophylliim, Rhaphiolepis indica, Schefflera octophylla, Sterculia lanceolata, 
and Viburnum odoratissimum in plot B. It is thus clear that height increment had 
been relatively gradual between 1995 and 1998 but had accelerated between 1998 
and 1999. The species recording a drastic increase in height growth between 1998 
and 1999 included Adenanthera pavonina (50.9 cm to 100.2 cm), Castanopsis fissa 
(from 72.0 cm to 114.3 cm) in plot A and Myrica rubra (147.0 cm to 185.8 cm), 
Sapium discolor (127.9 cm to 165.3 cm), and Schima superba (174 cm to 238.3 cm) 
in plot B. These species have probably adapted to the environment 4 years after 
planting and grow vigorously. They are not confined to a particular family. 
On the other hand, there were species whose average height did not increase 
with age of the plantation. For instance, the height of Celtis sinensis in plot A 
decreased from 40.4 cm in 1995 to 19.2 cm in 1998, before increasing again to 23.0 
cm in 1999. Similar examples were found for Cinnamomum camphora in plot A and 
Mallotus paniculatus in plot B. The tops of these species withered in winter and 
new buds were released in the following spring, hence accounting for the reduced 
height. If the new buds could adapt to the environment, normal height growth 
would resume. For instance, the height of Mallotus paniculatus decreased from 
51.4 cm in 1995 to 41.2 cm in 1998 but increased exponentially to 113.8 cm in 
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Table 5.4 Height (cm) of revegetated species. 
Plot A 
Average Height (cm)  
, Growth Rate Growth Rate 
Species April 1995 June 1998 April 1999 1995-98 1995-99 
— (cm/year) (cm/vear) 
Adenanthera pavonina 31.6 50.9 100.2 6.1 17.2 
Ailanthus fordii 22.9 58.0 63.2 11.1 10.1 
Alangium chinensis 18.9 _ • _ . 
Antidesma bunius 24.0 28.2 . 13 _ 
Aporusa chinensis 32.0 50.7 67.2 5.9 g.g 
Aquilaria sinensis 25.9 42.1 58.5 5.1 8.2 
Ardisia crenata 26.6 - - . . 
Artocarpus hypargyrea 28.8 22.0 - 0.0 
Bischofia trifoliata 26.7 15.3 _ 0.0 -
Bridelia monoica 21.8 37.0 • 4.8 . 
Camellia crapnelliana 13.8 67.5 117.0 16.9 25.8 
Camellia granthamiana 22.9 24.3 37.5 QA 3 7 
Castanopsis fissa 24.5 72.0 114.3 15.0 22.5 
Castanopsis lamontii 23.0 85.8 97.8 19.8 18.7 
Celtis sinensis 40.4 19.2 23.0 0.0 0.0 
Cinnamomum camphora 42.8 34.1 44.3 0 0 Q 4 
Cleistocalyx operculata 45.6 79.9 106.1 10.8 15.1 
Endospermum chinensis 31.5 35.5 58.0 1.3 6.6 
Ficus microcarpa 31.0 42.1 53.0 3.5 5.5 
Ficus wightiana 40.6 19.5 - 0.0 -
Gordonia axillaris 28.2 . 90.0 97.6 19.5 17.4 
Keteleeria fortunei 22.4 69.1 88.0 14.7 16.4 
Liquidambar formosana 22.0 31.5 . 3.0 _ 
Lithocarpus hariandi . . . 
PlotB 
Average Height (cm)  
Growth Rate Growth Rate 
Species April 1995 June 1998 April 1999 1995-98 1995-99 
— (cm/year') (cm/vear) 
Litsea cubeba 44.2 139.0 181.2 29.9 34.3 
Litsea glutinosa 32.7 74.5 87.0 13.2 13.6 
Litsea monopetala 22.2 - . 
Persea breviflora 32.6 97.9 119.8 20.6 21.8 
Persea ichangensis 31.0 93.1 117.0 19.6 21.5 
Persea suaveolens 32.0 95.98 109.8 20.2 19.5 
Persea thunbergii 34.5 84.9 99.8 15.9 16.3 
Mallotus paniculatus 51.4 41.2 113.8 0.0 15.6 
Microcos paniculata 32.2 65.6 79.4 10.5 118 
Myrica rubra 47.3 147.0 185.8 31:5 34:6 
Ormosia emarginata* 16.1 - 97.8 - 20.4 
Peltophorum pterocarpum * 49.1 - 33 5 . OO 
Phyllanthus emblica 52.4 49.3 68.9 0.0 4.1 
Pterospermum heterophyllum 26.8 40.2 65.7 4.2 9 7 
Quercus edithae 39.5 76.2 85.7 n.6 11.6 
Quercus myrsinaefolia 37.7 109.5 106.3 22.6 17.2 
Reevesia thyrsoidea 45.2 149.9 186.0 33.0 35.2 
Rhaphiolepis indica 43.1 84.0 80.9 12.9 
Sapium discolor 50.8 127.9 165.3 24.3 28.6 
Schefflera octophylla 28.3 60.1 73.0 10.0 11.2 
Schima superba 59.2 174.0 238.3 36.2 44J 
Sterculia lanceolata 36.9 66.7 85.9 9.4 12 3 
Thespesia populnea 20.0 116.0, 132.7 303 28 2 
Tutcheria spectabilis 43.1 146.2 182.5 32.5 34:9 
Viburnum odoratissimum 36.9 70.3 88 8 10 5 13 0 
Vitex c^uinata 33.5 85.4 83.9 ^ 
Data of 1995 were provided by Agriculture and Fisheries Department 爾 ‘ 
Missing data represent that the spccies cannot survive. 
•Species cannot be found in 1998 
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1999 (Table 5.4). This will be reflected in the differential height increment between 
the periods 1995-1998 and 1995-1999. 
In 1999, basal diameter of the species varied from 6.0 mm (Celtis sinensis) 
to 32.7 mm {Castanopsis fissa) in plot A and 10 mm {Peltophorum pterocarpum) 
to 54.9 mm (Myrica rubra) in plot B (Figure 5.3 & Table 5.5). The increase of 
basal diameter with age of the species was more consistent than height, and the only 
species exhibiting a decrease in basal diameter was Peltophorum pterocarpum. It 
decreased from 11.9 mm in 1995 to 10.0 mm in 1999, possibly due to mortality of 
some of the individual species. 
5.3.3 Growth performance among species 
Five years after planting, Schima superba outgrew all other species in height, 
reaching 238.3 cm. It was followed by Reevesia thyrsoidea (186.0 cm), Myrica 
rubra (185.8 cm), Tutcheria spectabilis (182.5 cm) and Litsea cubeba (181.2 cm) 
while the remaining species fell back far behind. Schima superba also recorded the 
greatest height increment of 44.8 cm/yr from 1995-1999, being followed by 
Reevesia thyrsoidea (35.2 cm/yr), Tutcheria spectabilis (34.9 cm/yr), Myrica rubra 
(34.6 cm/yr) and Litsea cubeba (34.3 cm/yr) (Table 5.4). Incidentally, all the five 
fastest growing tree species were planted in plot B while Reevesia thyrsoidea was 
present in the surrounding woodland. 
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Table 5.5 Basal diameter (mm) of the revegetated species. 
Plot A 
Average Basal Diameter (mm)  
Growth Rate Growth Rate 
Species April 1995 June 1998 April 1999 1995-98 1995-99 
(mm/Y ear) (mm/year) 
Adenanthera pavonina 4.2 10.3 23.5 1.9 4.8 
Ailanthus fordii 6.2 16.9 22.4 3.4 4.1 
Alangium chinensis 3.7 - . . 
Antidesma bunius 2.9 8.7 - 1.8 -
Aporusa chinensis 3.7 1.9 12.6 1.3 2.2 
Aquilaria sinensis 4.3 9.1 14.0 1.5 2.4 
Ardisia crenata 5.2 - - . . 
Artocarpus hypargyrea 4.9 6.5 - 0.5 
Bischofia trifoliata 4.7 8.8 - 1.3 -
Bridelia monoica 6.8 15.1 - 2.6 -
Camellia crapnelliana 1.7 8.5 20.0 2.1 4.6 
Camellia granthamiana 2.7 7.7 10.0 1.6 1.8 
Castanopsis fissa 3.0 21.3 32.7 5.8 7.4 
Castanopsis lamontii 2.3 24.1 24.3 6.9 5.5 
Celtis sinensis 2.8 5.0 6.0 0.7 0.8 
Cinnamomum camphora 3.4 9.6 24.0 2.0 5.2 
Cleistocalyx operculata 4.4 17.4 26.0 4.1 5.4 
Endospermum chinensis 5.5 13.4 22.5 2.5 4.3 
Ficus microcarpa 6.7 10.8 23.0 1.3 4.1 
Ficus wightiana 17.4 18.5 - 0.3 -
Gordonia axillaris 3.1 - 14.6 20.8 3.6 4.4 
Keteleeria fortunei 3.9 22.6 29.5 5.9 6.4 
Liquidambar formosana 2.0 8.6 - 2.1 -
Lithocarpus harlandi - - . 
PIotB 
Average Basal Diameter (mm) 
Growth Rate Growth Rate 
Species April 1995 June 1998 April 1999 1995-98 1995-99 
(mm/Y ear) (mm/year) 
Litsea cubeba 5.5 23.3 37.9 5.6 8.1 
Litsea glutinosa 5.2 14.6 19.2 3.0 3.5 
Litsea monopetala 4.3 - -
Persea breviflora 5.4 20 21 4.6 3.9 
Persea ichangensis 4.6 19.1 24.8 4.6 5.1 
Persea suaveolens 4.1 18.0 23.2 4.4 4.3 
Persea thunbergii 4.5 17.4 24.2 4.1 4.9 
Mallotus paniculatus 3.8 11.5 25.5 2.4 5.4 
Microcos paniculata 4.3 12.9 16.5 2.7 3.1 
Myrica rubra 6.9 44.5 54.9 11.9 12.0 
Ormosia emarginata* 2.8 - 21.3 . 4.6 
Peltophorum pterocarpum * 11.9 - 10 - 0.0 
Phyllanthus emblica 10.9 13.8 19 7 0.9 2.1 
Pterospermum heterophyllum 5.0 8.8 10.2 1.2 1.3 
Quercus edithae 7.2 15.6 23.2 2.6 4.0 
Quercus myrsinaefolia 7.5 20.7 22.6 4.2 3.8 
Reevesia thyrsoidea 8.2 26.6 34.5 5.8 6.6 
Rhaphiolepis indica 8.0 11.0 15 0.9 1.8 
Sapium discolor 7.6 22.3 36.9 4.6 7.3 
Schefflera octophylla 8.1 17.5 25.6 3.0 4.4 
Schima superba 10.0 35.8 48.7 8.2 9.1 
Sterculia lanceolata 7.3 13.6 18 2.0 2.7 
Thespesia populnea 4.8 23.9 33.9 6.0 7.3 
Tutcheria spectabilis 6.5 23.3 34.2 5.3 6.9 
Viburnum odoratissimum 6.3 16.9 24.8 3.3 4 5 
P^rex quinata 13^ m \_9 ^ 
Data of 1995 were provided by Agriculture and Fisheries DepartmcnL 
Missing data represent that the species cannot survive. 
•Species cannot be found in 1998 
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Among the 50 species, Persea suaveolens, Persea thunbergii, Ormosia 
emarginata, Persea ichangensis, Persea breviflora, Castanopsis fissa. Camellia 
crapnelliana, Thespesia populnea and Sapium discolor were moderately fast 
growing. They recorded an average height of 97.8-165.3 cm, and a height growth 
rate of 16.3-28.6 cm/yr. The potentials of the Persea species (Lauraceae family) 
should not be underestimated. They are abundantly found in the montane forests 
and sheltered river valleys in the natural environment, and are less nutrient 
demanding than the feng shui woods or late successional species. Although 
Camellia crapnelliana recorded a low survival rate of 0.5% (Tables 5.2), the only 
individual left grew to a height of 117 cm and a basal diameter of 20 mm (Tables 
5.4 & 5.5). This seems to suggest that survival rate of the species is not necessarily 
affected by conditions of the soil. Instead, weed competition, trimming and other 
factors could have affected the survival rate of Camellia crapnelliana. 
Thirty-eight of the 50 species recorded a growth rate less than 20 cm/yr 
during the period 1995-1999 (Table 5.6). The three slowest growing species in plot 
A were Camellia granthamiana (37.5 cm), Celtis sinensis (23.0 cm) and 
Cinnamomum camphora (44.3 cm) (Table 5.5). Since the tops of Celtis sinensis 
had withered after 1995, it recorded a negative height increment during the 
observation period compared to 3.7 cm/yr for Camellia granthamiana and 0.4 
cm/yr for Cinnamomum camphora. The shortest tree in plot B was Peltophorum 
pterocarpum (33.5 cm), which also recorded a negative height increment (Table 
5.5). The next shortest trees were Pterospermum heterophyllum (65.7 cm) and 
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Phyllanthus emhlica (68.9 cm), and the corresponding height increment values were 
9.7 cm/yr and 4.1 cm/yr. 
Table 5.6 Classification of revegetated species in ascending order of height growth 
rate (cm/ year). 
Height growth rate 1999 (cm/year) in 
class Species 
<10 Alangium chinensis, Antidesma bunius, Ardisia crenata, 
Ar to carpus hypargyrea, Bischofia trifoliata, Bhdelia monoica, 
Celtis sinensis, Ficus wightiana, Liquidambar formosana, 
Lithocarpus harlandi, Litsea monopetala, 
Peltophorum pterocarpum, Cinnamomum camphora, 
Camellia granthamiana, Phyllanthus emblica, 
Ficus microcarpa, Endospermum chinensis, Aquilaria 
sinensis, Aporusa chinensis, Rhaphiolepis indica, 
Pterospermum heterophyllum 
10-19.9 Ailanthus fordii, Schefflera octophylla, Quercus edithae, 
Microcos paniculata, Sterculia lanceolata, Vitex quinata, 
Viburnum odoratissimum, Litsea glutinosa, 
Cleistocalyx operculata, Mallotus paniculatus, 
Persea thunbergii, Keteleeria fortunei, Adenanthera pavonina, 
Quercus myrsinaefolia, Gordonia axillaris, 
Castanopsis lamontii, Persea suaveolens 
20-29.9 Ormosia emarginata, Persea ichangensis, Persea breviflora, 
Castanopsis fissa, Camellia crapnelliana, Thespesia populnea, 
Sapium discolor 
30-39.9 Litsea cubeba, Myrica rubra, Tutcheria spectabilis, 
Reevesia thyrsoidea 
>40 Schima superba 
Basal diameter of the top 8 species decreased in the order of Myrica rubra 
(54.9 mm), Schima superba (48.7 mm), Litsea cubeba (37.9 mm), Sapium discolor 
(36.9 mm), Reevesia thyrsoidea (34.5 mm), Tutcheria spectabilis (34.2 mm), 
Thespesia populnea (33.9 mm) and Castanopsis fissa (32.7 mm) (Table 5.5). These 
species also recorded the highest basal diameter increment of 6.6-12.0 mm/yr from 
1995-1999 (Table 5.7). 
The remaining 42 species had basal diameter smaller than 30 mm and basal 
diameter increment below 6.4 mm/yr. Sterculia lanceolata and Litsea glutionsa had 
104 
relatively high survival rates of 51.5% and 56.5% (Table 5.2), yet the corresponding 
basal diameter was merely 18 mm and 19.2 mm. This is equivalent to an increment 
rate of 2.7 mm/yr and 3.5 mm/yr (Table 5.5). Overall, Celtis sinensis recorded the 
smallest basal diameter of 6.0 mm, or equivalent to a growth rate of 0.8 mm/yr. 
Table 5.7 Classification of revegetated species in ascending order of basal diameter 
growth rate (mm/year). 
Basal diameter growth rate 1999 Species 
(mm/year) in Class  
<2 Alangium chinensis, Antidesma bunius, Ardisia crenata, 
Artocarpus hypargyrea, Bischofia trifoliata, Bridelia monoica, 
Ficus wightiana, Liquidambar formosana, Lithocarpus harlandi, 
Litsea monopetala, Peltophorum pterocarpum, Celtis sinensis, 
Pteorspermum heterophyllum, Camellia granthamiana, 
Rhaphiolepis indica 
2-3.9 Aporusa chinensis, Phyllanthus emblica, Aquilaria sinensis, 
Sterculia lanceolata, Vitex quinata, Microcos paniculata, 
Litsea glutinosa, Quercus myrsinaefolia, Persea brevijlora 
4-5.9 Quercus edithae, Ailanthus fordii, Ficus microcarpa, 
Endospermum chinensis, Gordonia axillaris, Schefflera 
octophylla, Camellia crapnelliana, Ormosia emarginata, 
Viburnum odoratissimurn, Adenanthera pavonina, Persea 
suaveolens, Persea thunbergii, Persea ichangensis, Cinnamomum 
camphora, Cleistocalyx operculata, Mallotus paniculatus, 
Castanopsis lamontii 
6-7.9 Keteleeria fortune i, Reevesia thyrsoidea, Tutcheria spectabilis, 
Sapium discolor, Thespesia populnea, Castanopsis fissa, 
Litsea cubeba 
>8 Schima superba, Myrica rubra 
Twenty-seven combinations can be generated from the survival rate and 
growth rate of the species with regard to their suitability for enrichment planting 
(Table 5.8). Each of the survival rate, height growth rate and basal diameter growth 
rate is categorized into high (H), medium (M) and low (L) levels. The matrix is 
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made up of the different combinations of these parameters, and the 50 species fall 
into 12 of 27 combinations. 
The most suitable species for enrichment planting were those characterized 
by high survival rate and high growth rates (HHH), such as Schima superba, 
Reevesia thyrsoidea and Tutcheria spectabilis. Incidentally, Schima superha and 
Tutcheria spectabilis belong to the Theaceae family. 
Species with high survival rate but medium height and basal diameter 
increment rates (HMM, such as Litsea glutinosa, Sterculia lanceolata and 
Gordonia axiUarix), as well as species with medium survival rate but high height 
and basal diameter increment rates (MHH, such as Myrica rubra and Litsea cubeba) 
are likely to rank second in suitability. In this regard, the Litsea species belong to 
the Lauraceae family. 
Species with medium height growth and high basal diameter growth rates 
but low to medium survival rate such as Sapium discolor, Castanopsis fissa, 
Keteleeria fortunei and Thespesia populnea (MMH & LMH) are potentially 
suitable. Indeed, the low survival rate of Thespesia populnea (9% in 1999) did not 
match with good growth of the species. It could have been affected by quality of the 
saplings, instead of the poor soil conditions. 
Phyllanthus emblica (MML) and Rhaphiolepis indica (MLL) can be found 
in the nearby woodland, yet their growth performance was relatively poor 
notwithstanding a medium survival rate. In fact, Rhaphiolepis indica is a relatively 
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slow growing shade-tolerant species that is attractive to wildlife. Transplanting this 
species to a grassy slope may not be as efficient as in situ germination of the seeds. 
Table 5.8 Species categorized into 27 patterns of survival rate, height growth rate 
and basal diameter growth rate of high (H), medium (M) and low (L) levels. 
‘ HHH MHH LHH " 
Schima superba, Listea cubeba, Myrica rubra — 
Reevesia thyrsoidea, 
Tutcheria spectabilis  
HHM MHM MHM 
—_ _ •面 —— 
iffiE O S 
HMH MMH LMH 
Sapium discolor, Castanopsis Thespesia populnea 
fissa, Keteleeria fortunei,  
HMM MMM LMM  
Sterculia lanceolata, Mallotus paniculatus, Persea Persea ichangensis, Vitex 
Litsea glutinosa, breviflora, Persea thunbergii, quinata, Castanopsis lamontii, 
Gordonia axillaris Viburnum odoratissimum Quercus edithae, Ormosia 
Ailanthusfordii, Schefflera emarginata, Camellia 
octophylla, Microcos crapnelliana, Quercus 
paniculata, Cleistocalyx myrsinaefolia, Adenanthera 
operculata,, Persea pavonina 
suaveolens  
HML MML 
— Phyllanthus emblica … 
IEH MLH LLH 
HLM MLM LLM 
--- Aporusa chinensis Cinnamomum camphora, 
Ficus microcarpa, Aquilaria 
sinensis, Endospermum 
chinensis  
HLL MLL LLL 
— Rhaphiolepis indica, Camellia granthamiana, Celtis 
Peltophorum pterocarpum sinensis, Pterospermum 
heterophyllum  
For survival rate，H=>40%, M=10-39% and L=<10%; Height growth, H= >30cm/year, M=10-29.9 
cm/year and L=<10cm/year; Basal diameter growth, H=>6inm/year, M=2-5.9iniii/year and L= 
<2mm/year. 
Dead species were not included in this table. 
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The least suitable species are characterized by low survival and height 
growth rates but medium to low basal diameter growth rate (LLM & LLL). These 
species include Cinnamomum camphora, Ficus microcarpa, Aquilaria sinensis, 
Endospermum chinensis, Camellia granthamiana, Celtis sinensis and 
Pterospermum heterophyllum. Incidentally, they are either the rare or feng shui 
woods species that are characteristically slow growing and nutrient demanding. 
They are difficult to establish in an open and disturbed environment where the soil is 
infertile unless they are managed intensively. 
As aforesaid in the introduction of this chapter, the survival of the 
revegetated species is governed by a wide range of factors, including quality of the 
saplings, planting techniques and season; soils, microclimate and post-planting care. 
The experimental design of the present experiment does not permit us to investigate 
the influence of each of these factors. However, it seems that there exists an 
empirical relationship between survival rate and growth performance of the species. 
Linear and multiple regression analysis were employed to elucidate this relationship 
and the results are summarized in Table 5.9. 
Table 5.9 Relationship between survival rate (%, y) and height, basal diameter 
(BD) and the respective increment rates (x) (n=50). 
y=a+bx r2 Significance 
level  
"Height y=-1.943+0.238x 0 . 5 1 2 ^ 
BD y=-0.212+0.903x 0.375 *** 
Height increment rate y= 2.526+1.103x 0.438 *** 
BD increment rate y= 3.098+3.786x 0.309 *** 
Height (xi) and BD (X2) y= -0.575+0.359xi-0.579x2 0.533 *** 
Height rate(xi) and BD y=-1.417+0.397x1-3.603x2 0.562 *** 
increment rate (X2)  
Significance level: *** p<0.001 
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Survival rate was found to increase significantly with height growth of the 
species (Table 5.9). Height factor alone can explain 51.2% of the variation in 
species survival. A same relationship was found with basal diameter although the 
coefficient of determination was reduced to 37.5%. Similarly, survival rate is 
positively correlated with height increment (43.8%) and basal diameter increment 
(30.9%) of the species. It is thus clear that height is more important than basal 
diameter in accounting for the survival rate of the species. 
In the multiple regression analysis involving height and basal diameter of the 
species, the coefficient of determination averaged 53.3% and 56.2% (Table 5.9). 
This clearly showed that there existed "an empirical relationship between survival 
rate and growth performance of the species and that survival rate was best explained 
by the combined height and basal diameter increment rates. Survival rate would, 
therefore, be enhanced by rapid growth of the stem. Species possessing this ability 
will have a competitive edge over those without in reaching for the light source. 
This is crucial to survival of the transplanted species because the fire-affected slope 
is already covered by a mixture of shrubs and grasses and majority of them are 
strong competitors of light. The slower growing species are likely to be dwarfed and 
outcompeted if they are not shade-tolerant. Indeed, many of the exotic species used 
extensively to revegetate the barren hills in Hong Kong (e.g. Acacia auriculiformis. 
Acacia mangium. Acacia confusa, Lophostemon confertus and eucalypts) are also 
fast growing species. 
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5.3.4 Plantation management and species selection 
There are many factors accounting for the low survival rate of the native 
species in Tung Chung. As aforesaid in section 5.3.3, the inherent physiological 
characteristics of the species could only account for about 50% of the coefficient of 
variation in survival rate. Other factors such as poor management and inadequate 
knowledge of the ecosystem might have accounted for the remaining coefficient of 
variation. In this context, survival rate can also be reduced by inappropriate planting 
methods, damaged and poor quality seedlings, poor maintenance, insect borers and 
browsing mammals, competition with existing vegetation, poor soil conditions and 
physiological stress (Evans 1992; Moura-Costa 1995). 
In the study site, the rehabilitated tree saplings had to compete with the fast 
growing grasses and shrubs. Although weeding had been practised once a year, the 
slower growing species of Peltophorum pterocarpum, Keteleeria fortunei, 
Aquilaria sinensis, Phyllanthus emhlica, Vitex quinata, Gordonia axillaris and 
Peltophorum pterocarpum were frequently dwarfed by the existing vegetation. The 
most competitive weeds are Dicranopteris linearis and Baeckea frutescens (Plates 
5.2-5.4). They are hardy, low nutrient demanding species that can re-establish 
themselves rapidly from rhizomes and rootstocks after weeding, hence competing 
fiercely with the introduced species for growth space, light, water and nutrients. As 
Dicranopteris linearis and Baeckea frutescens are the dominant species on fire-
affected slopes, it is necessary to control them to ensure the success of enrichment 
























































































































































































































species a competitive advantage over the weeds (Montagnini et a\. 1997). It is 
easier said than done because irrigation is needed for the taller saplings. 
Coverage of the saplings by weeds added much difficulty in fieldwork. 
Saplings not found in the previous year (e.g. June 1998 measurement) were exposed 
immediately after weeding, notable examples being Litsea glutinosa, Microcos 
paniculata, Phyllanthus emblica, Reevesia thyrsoidea and Rhaphiolepis indica. 
This explained why the survival rate of Reevesia thyrsoidea had increased from 
54.0% in June 1998 to 70.5% in 1999 (see Table 5.2). 
Rhaphiolepis indica is a slow growing, shade-tolerant shrub hiding 
underneath the ferns and grasses. It was easily removed during weeding, as 
evidenced by the severed stems. If the species failed to resprout from new buds, it 
would disappear from the site. Proper management is, therefore, essential to early 
establishment of the young trees because their limited reserves are just adequate to 
cover the energy expenses on germination, root elongation and leaf area 
development (Evans 1992; Medina 1995). During the early years of establishment, 
weeding should be carried out more frequently or up to 8 times a year as suggested 
by Evans (1992) and Montagnini et a\. (1997). The present practice of weeding the 
site once a year is inadequate to remove the competition from weeds. Undoubtedly, 
better site preparation and longer time of weed control will enhance adaptation of 
the species to the site (Hagger et al. 1998). 
Apart from competition, there are other threats to growth of the young trees. 
Edaphic factors such as nutrient deficiency, high penetration resistance, strong 
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acidity and aluminum toxicity are potential constraints. Species classified as acid soil 
indicators and aluminum accumulators by Hou (1954) tend to grow very well on the 
site. They include Schima superba, Sapium discolor, Tutcheria spectabilis, 
Rhaphiolepis indica and Myrica rubra. The relationship between foliar chemistry 
and species selection will be investigated in Chapter 6. 
5.4 Conclusion 
From results obtained in this experiment, the following conclusions can be 
summarized: 
1. Five years after planting, the survival rate of the native species averaged 
7.4% in plot A and 27.7% in plot B. The overall survival rate of the 50 
species was 18.3%. Reevesia thyrsoidea yielded the highest survival rate of 
70.5%, being followed closely by Schima superba at 70%. Ten species died 
completely in 1999. 
2. ‘ The 5-year-old species ranged 23.0-238.3 cm in height, and 6.0-54.9 mm in 
basal diameter. Species in trial plot B outperformed those in plot A. 
3. Schima superba and Myrica rubra were the fastest growing species while 
Cinnamomum camphora and Celtis sinensis were the slowest growing 
species with reference to height and basal diameter increment. 
113 
4. Survival rate was positively correlated with height and basal diameter of the 
species. In this context, height is more important than basal diameter in 
accounting for the variation of survival rate. This suggests that reaching for 
the light source is crucial to survival of the species. 
5. With the exception of Keteleeria fortunei, the rare species of Artocarpus 
hypargyrea. Camellia granthamiana. Camellia crapnelliana and Aquilaria 
sinensis grew relatively poorly in the fire-affected environment. 
6. Species of the Fagaceae family are restricted in distribution in the natural 
environment. Among the 7 Fagaceae species, Castanopsis fissa yielded the 
highest survival rate of 35.5% while the others averaged 0-9% only. 
7. Among the three shrubs, Gordonia axillaris and Quercus myrsinaefolia 
seemed to outgrow Rhaphiolepis indica in height and basal diameter. Yet 
they did not have any competitive advantage over the other species. 
8. Litsea cubeba, Myrica rubra and Rhaphiolepis indica are normally found at 
shrubland and forest edges. They generally grew better than many species 
associated with the feng shui woods, except for Castanopsis fissa. 
9. Regarding the two legumes, Adenanthera pavonina outperformed Ormosia 
emarginata in survival rate, height and basal diameter growth. However, 
their growth performance was inferior to many other species. 
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10. Undoubtedly, there were many problems affecting the survival and growth 
performance of the species. The likely problems were competition from 
weeds, species selection and the relatively poor soil conditions. 
11. The species likely to be most suitable for enrichment planting were Schima 
superba, Reevesia thyrsoidea and Tutcheria spectabilis and the least 
suitable species were Cinnamomum camphora, Ficus microcarpa, Aquilaria 
sinensis, Endospermum chinensis, Camellia granthamiana, Celtis sinensis 
Pterospermum heterophyllum, Alangium chinensis, Antidesma burnius, 
Ardisia crenata, Artocarpus hypargyrea, Bischofia trifoliata, Bridelia 
monoica, Ficus wightiana, Liquidambar formosana, Lithocarpus harlandi 
and Litsea monopetala. 
12. The following guidelines are useful to the selection of native species for 
enrichment planting on fire-affected areas: 
(a) Avoid species associated with the established feng shui forests, with the 
exception of Castanopsis fissa. 
(b) Avoid rare species and species with restricted distribution from the 
Fagaceae family. 
(c) Species of the Theaceae, Lauraceae and Sterculiaceae families and, in 
particular, those growing in forest edge are likely to be suitable. 
(d) Acid soil indicator plants and alleged aluminum accumulators such as 
Myrica rubra, Schima superba, Tutcheria spectabilis and Gordonia 
axillaris are potentially suitable on the acidic, infertile soils. 
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Chapter 6 
FOLIAR COMPOSITION OF SPECIES 
6.1 Introduction 
Knowing the characteristics of a habitat and the nutritional requirements of 
plants would enlighten the job of species selection for restoration planting (Hou 1954; 
Clement 1963). However, matching species with site is a complicated process as no 
two sites are equal and nutritional requirements of plants can vary with changing 
conditions of soil and climate, and nutrient allocation during the different stages of 
growth (Kabata-Pendias and Pendias 1992). It was found in Chapter 4 that the soils in 
the study area were strongly acidic, contained low levels of SOM, TKN, P and available 
cation nutrients but toxic level of Al. This is typical of many tropical soils that are 
infertile but contain high levels of soluble Al，Fe and Mn (Lai 1995; Brady and Weil 
1996). In Chapter 5，the survival rate, height and basal diameter of the revegetated 
species were found to vary considerably. Schima superba, Myrica rubra, Reevesia 
spectabilis and Tutcheria spectabilis were characterized by high survival and growth 
rates. They are probably shade-intolerant species, which endeavor to grow rapidly to 
reach for the light source. It is well known that nutrient uptake can be inhibited by low 
pH (Grubb 1995), yet under identical growth conditions some species are able to grow 
faster than others. Are there any special adaptive traits associated with the faster 
growing species? 
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The indicative value of certain plant species of the environment has long been 
recognized (Hou 1954; Clement 1963; Brooks 1972) and used in mineral prospecting 
where the species accumulate metals. However, the application of this concept in the 
selection of species for restoration planting is least understood in the literature. In 
South China, Hou (1954，1982 & 1994) found that many species adapt to the acid soil 
conditions particularly well and that they have a tendency to accumulate Al and Mn, 
which would otherwise be toxic to other species. He classified these species as acid soil 
indicator plants. Knowledge of the indicator plants is sometimes useful to forest 
management. For instance, Camellia sinensis a.ndAIeimtes fordii are trees of economic 
value in subtropical China, yet they prefer totally different soils. Camellia sinensis 
grows only on acid soils while Aleurites fordii prefers high-calcium soils. In 
Guangdong Province of south China, Cinnamomum camphora, Baeckea frutescens, 
Rhaphiolepis indica and Euphoria longan are found to grow particularly well in 
association with the acid soil indicator plant of Dicranopteris linearis (Hou 1954). It is 
a fern that accumulates aluminum in its foliage (Chau and Lo 1980). Hence, plants with 
a capacity to withstand low pH, high Al toxicity and infertile soils tend to dominate this 
ecological region. What can we leam from this geographical distribution of plants in the 
selection of species for enrichment or rehabilitation planting? 
The nutrient status of tree is considered an important indicator of tree growth 
and yield. Likewise, the ability of a species to tolerate low nutrient conditions of the 
soil and grow well is an important criteria for the screening of species in ecological 
restoration (Kellman 1989 cited in Grubb 1995; Medina 1995; Wang and Klinka 1997). 
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Other factors being equal, survival and growth of the species is closely related to its 
nutrient use efficiency. A low nutrient requiring species capable of maintaining good 
and healthy growth is said to have a high nutrient use efficiency. However, the uptake 
of nutrients by plant is a complex process. It is affected by soil types, species, nutrient 
bioavailability, water, light and presence of symbioses such as rhizobia, actinomycetes 
and mycorrhizal fungi (Grubb 1995; Marschner 1995). Can the acid soil indicator 
plants use nutrients efficiently? Alternatively, are there any plants that use nutrients 
efficiently but are not acid soil indicators? 
As seen in Chapter 5, 18 out of the 50 planted species were also present in the 
trial plots or nearby woodlands. It is reasonably safe to assume that they are suitable to 
grow in the area, yet their growth performance in the trial plots varied considerably. 
For instance, Vitex quinata and Schefflera octophylla recorded a low survival rate of 
7.0% and 12.5%, respectively (see Table 5.2). N o attempt is made here to account for 
this relatively poor performance because survival and growth of the rehabilitated 
species are governed by a wide range of factors. In this context, poor quality seedlings 
and inadequate post-planting care might have accounted for the low survival rate and 
poor performance of some of these species. Notwithstanding this，are these species also 
acid soil indicator plants or plants of high nutrient use efficiency? If their status can be 
verified, we can establish precisely their suitability for future planting and pinpoint what 
had gone wrong in the present enrichment planting exercise. In view of the questions 
raised above, the objectives of this experiment are fourfold: (a) to ascertain the nutrient 
status of the existing vegetation and identify the pattern of accumulation; (b) to 
118 
examine the nutrient status of the revegetated species and compare against that of the 
existing vegetation; (c) to establish the nutrient use efficiency of some of the planted 
species; and (d) to explain the survival rate and growth performance of the revegetated 
species. The findings are expected to further substantiate the conclusions reached in 
Chapters 5 and 6. 
Foliar analysis reflects the actual nutritional status of plants (Marschner 1995), 
which is of paramount importance to forest management (Wang and Klinka 1997). It is 
believed that plants growing on poor soils usually have higher nutrient use efficiency 
(Chapm and Kedrowski 1983; Boerner 1984; Grubb 1995) than their counterparts 
growing on fertile soils. This is a useful concept in the screening of appropriate species 
for restoration planting because nearly all the disturbed soils suffer from low fertility 
and metal contamination. Under identical growth conditions, species of high nutrient 
use efficiency perform better than those characterized by low nutrient use efficiency. Of 
course, species of low nutrient use efficiency can still play a vital role in nutrient 
recycling (Montagnini 1994). 
The chemical composition of acid soil indicator plants and the average plants of 
south China had been separately established by Hou (1954 & 1982) after more than 30 
years of research. The acid soil indicator plants tend to accumulate in their foliage a 
higher percentage of Al and Mn than the average plants. Because the tropical to 
subtropical soils are strongly acidic in reaction and contain high levels of soluble Al and 
Mn, it is reasonably safe to assume that these metals can affect the growth of the 
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vegetation and that they can accumulate in some of the more tolerant species. The 
nutrient status of the existing vegetation will be investigated and compared to ratings 
established by Hou (1954 & 1982). The overall pattern of accumulation can then be 
established, which will be compared to that of the planted species. The purpose is to 
find out if the planted species are inherently suitable for the site. In so doing, it can help 
explain the survival rate and growth performance of the planted species. Results 
obtained from this experiment will give answers to the following specific questions: 
( 1 ) For the existing vegetation in Tung Chung, what is the lyotropic series of 
nutrients in the foliage? Is it different from that of subtropical to tropical China? 
( 2 ) Is there any pattern in the foliage composition of the existing vegetation species 
and why? 
( 3 ) For the planted species in Tung Chung, what is the lyotropic series of nutrients in 
the foliage? H o w is the lyotropic series of acid soil indicator plants different from 
that of the ordinary species? 
( 4 ) H o w is the pattern of nutrient distribution in the foliage of the planted species 
different from that of the existing vegetation species? 
( 5 ) Which species possess a high nutrient use efficiency, and why? Which species are 
least efficient in the use of nutrients to support growth? 
( 6 ) What are the characteristics of the acid soil indicator plants? 
( 7 ) What species are likely to tolerate Al toxicity in the soil? Similarly, what species 
accumulate the least amount of Al in their foliage? 
( 8 ) Are there any newly recognized acid soil indicator plants among the planted 
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species? 
( 9 ) Is foliar analysis a reliable criterion for the screening of suitable species in 
restoration planting? 
( 1 0 ) What criteria should be added to the selection of species for restoration planting? 
( 1 1 ) Overall, what are the most suitable species for the site? Similarly, what are the 
least suitable species? 
6.2 Methodology 
6.2.1 Foliage sampling 
Foliage sampling of the existing vegetation and planted species was conducted 
in September 1998, as early autumn is the recommended season for foliar composition 
study (Allen 1989; Anderson and Ingram 1993). The planting site has a diverse flora; it 
is impossible to examine the nutrient status of all the species. Altogether, 19 species 
were selected according to their abundance in the field (Lay et al. 1998)，covering 6 
grasses, 2 ferns, 3 climbers, 7 shrubs and 1 tree (Table 6.1). Among them, 
Dicmnopteris linearis, Baeckea frutescens, Rhodomyrtus tomentosa and Lycopodium 
cemuum were the most dominant species. The rest were abundantly found in the site 
while Aegeratum conyzoides was relatively rare. 
For each species, composite leaf samples were collected randomly from each 
planting site, both inside and outside the trial plots. Leaves of Rhaphiolepis indica were 
collected from site A only to avoid mixing with the same species planted in site B. For 
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trees and shrubs, mature leaves from the middle of a branchlet were collected. For 
herbs and grasses, the green parts or the whole above-ground portion were collected. 
Each composite sample was stored in a paper bag. Four replicates for each species 
were obtained to reduce the inherent variability of the samples. 
Table 6.1 Existing vegetation species selected for foliage analysis. 
Species Family Vegetation Type^ 
Smilax china Smilacaceae Climber 
Smilax glabra Smilacaceae Climber 
Psychotria serpens Rubiaceae Vine 
Dicranopteris linearis* Gleicheniaceae Fern 
Lycopodium cemuum * Lycopodiaceae Fern/climber 
Ageratum conyzoides Compositae Grass 
Eriachne pallescens Gramineae Grass 
Miscanthus Jloridulus Gramineae Grass 
Scirpus erectus Cyperaceae Grass 
Rhynchospora rubra* Cyperaceae Grass 
Dianella ensifolia Liliaceae Grass/Herb 
Clerodendrum fortunatum Verbenaceae Shrub 
He lie teres angustifolia Sterculiaceae Shrub 
Litsea rotundifolia Lauraceae Shrub 
Baeckea frutescens * Myrtaceae Shrub 
he a chinensis * Escalloniaceae Shrub 
Rhodomyrtus tomentosa* Myrtaceae Shrub 
Rhaphiolepis indica* Rosaceae Shrub 
Pinus massoniana * Pinaceae Tree 
'According to Thrower (1976, 1983 & 1984); Hodgkiss (1978); Griffiths (1983) and So (1994). 
*Classified as acid soil indicator plants or Al, Mn accumulators by Hou (1954 & 1982). 
Of the fifty tree species planted in the trial plots, leaf samples of 36 species were 
collected. Samples had not been collected from the dead species or species exhibiting 
exceedingly low survival rate and stunted growth. Fresh leaves of composite samples 
were collected randomly and the samples were replicated 2 to 5 times depending on 
their conditions of growth. Only mature and green parts were collected because they 
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best represented the nutritional status of a plant (Marschner 1995). 
Leaf samples were then returned to the laboratory, rinsed with de-ionized water, 
oven-dried to constant weight at 80°C for 24 hours (Allen 1989; Wang and Klinka 
1997). The oven-dried samples were then ground with Philip coffee grinder and stored 
for chemical analysis. 
6.2.2 Chemical analysis 
6.2.2.1 Total Kjeldahl nitrogen (TKN) 
The Kjeldahl oxidation method was used in the determination of total nitrogen 
in plant materials. The procedures were described in Chapter 4，but 0.1 gram of sample 
was used instead (Allen 1989). Salicylic acid was not added in the digestion because the 
amount of nitrate present is normally very small (Allen 1989). 
6.2.2.2 Total phosphorus and cation nutrients 
0.1 gm sample was digested in mixed acids of 60% perchloric acid, 
concentrated nitric acid and concentrated sulfuric acid at a ratio of 2:10:1 at 120°C 
(Allen 1989). The digest was then filtered through Whatman 44 filter paper and diluted 
with de-ionized water to 50ml. Total phosphorus was determined by the molybdenum 
blue method using the FIA Tecator f low injection system (Tector application note 1984; 
Allen 1989). 
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The filtrate prepared for the determination of total phosphorus was also 
analyzed for K, Na, Ca, Mg, Al, Fe and Mn, by use of the Varian Spectr AA-300 
Atomic Absorption Spectrophotometer. 
6.2.3 Data processing and statistical analysis 
The results were expressed as % oven dry weight (ODW) of the samples. 
6.3 Results and Discussion 
6.3.1 Foliage composition of existing vegetation 
Eight out of the 19 species from the existing vegetation are acid soil indicator 
plants or accumulators of aluminum and manganese, namely Baeckea frutescens, 
Dicranopteris linearis, Itea chinensis, Lycopodium cemuum, Pinus massoniana, 
Rhaphiolepis indica, Rhodomyrtus torn en to sa and Rhynchospora rubra (Hou, 1954 & 
1982). Baeckea frutescens, Dicranopteris linearis, Rhodomyrtus tomentosa and 
Lycopodium cemuum were the most dominant species in the area, as in other fire-
disturbed slopes in the territory. 
The rating of the 8 chemical elements in plant species found in subtropical China, 
where Hong Kong is located，was summarized in Table 6.2 (Hou 1982). Magnesium, 
though analyzed in the present study, was omitted from the table for the lack of 
information in this vegetation zone. Nevertheless, the foliage is dominated by N，Ca and 
K, while P is very low. The foliage chemical composition of the 19 existing species was 
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summarized in Appendix 6.1，and rated against the average plant species (Table 6.3). 
Clerodendrum fortunatum was the only species that yielded a high N content of 3.66%. 
Six species had medium N content of 2 .06-2.50% while the remaining 12 species 
Table 6.2 Rating of plant element content (%ODW)\ 
Elements Low Medium High 
N 1.00 土 2.00± >3.00 
P 0.050 0.100-0.200 >0.200 
K 0.500 1.000士 >2.000 
Ca 0.500 1.000士 �2 .000 
Na 0.050 0.100-0.200 >1.000 
Fe 0.005士 0.050 士 �0 .100 
Al 0.005士 0.050士 >0.100-1.000 
Mn 0.005土 0.050士 >0.100 
'Hou(1982) 
contained low N content of 1.27-1.84% (Table 6.3a). This clearly showed that majority 
of the species investigated contained low levels of N in their foliage. Among the 8 acid 
soil indicators identified by Hou (1982)，Baeckea fnitescens, Lycopodium cemuum, 
Rhodomyrtus tomentosa, Dicranopteris linearis, Pinus massoniana, Rhaphiolepis 
indica and Rhynchospora rubra contained low levels of N and the only species with a 
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Table 6.3 Foliage composition (%ODW)of the existing vegetation. 
a ) N ^  
Class Species TKN (%) Class Species K (%) 
High Clerodendrum fortunatum 3.66 High A^eratum conyzoides 3.88 
Medium Ageratum conyzoides 2.50 Medium Helicteres angustifolia 1.91 
Itea chinensis 2.42 Clerodendrum fortunatum 1.83 
Smilax glabra 2.35 Psychotria serpens 1.45 
Smilax china 2.23 Dianella ensifolia 1.44 
Helicteres angustifolia 2.16 Itea chinensis 1.29 
Litsea rotundifolia 2.06 Smilax china 1.26 
Low Baeckea frutescens 1.84 Miscanthus floridulus 1.10 
Lycopodium cemuum 1.84 Smilax glabra 1.07 
Dianella ensifolia 1.84 Scirpus erectus 1.07 
Rhodomyrtus tomentosa 1.79 Rhaphiolepis indica 1.01 
Dicranopteris linearis 1.78 Low Lycopodium cemuum 0.87 
Pinus massoniana 1.74 Dicranopteris linearis 0.86 
Psychotria serpens 1.51 Litsea rotundifolia 0.76 
Rhaphiolepis indica 1.48 Rhynchospom rubra 0.71 
Scirpus erectus 1.44 Rhodomyrtus tomentosa 0.61 
Miscanthus erectus 1.43 Baeckea frutescens 0.40 
Eriachne pallescens 1.33 “ Eriachne pallescens 0.35 
Rhynchospora rubra 1.27 Pinus massoniana 0.33 
c ) P d) Ca  
Class Species TP (%) Class Species Ca (%) 
Low Ageratum conyzoides 0.086 Medium Psychotria serpens 1.80 
Clerodendrum fortunatum 0.037 Ageratum conyzoides 1.38 
Smilax china 0.031 Rhaphiolepis indica 1.25 
Helicteres angustifolia 0.025 Itea chinensis 1.06 
Rhaphiolepis indica 0.024 Low Dianella ensifolia 0.79 
Litsea rotundifolia 0.023 Litsea rotundifolia 0.77 
Itea chinensis 0.023 Smilax china 0.72 
Smilax glabra 0.022 Smilax glabra 0.71 
Dianella ensifolia 0.020 Clerodendrum fortunatum 0.61 
Pinus massoniana 0.018 Helicteres angustifolia 0.58 
Lycopodium cemuum 0.016 Pinus massoniana 0.42 
Miscanthus floridulus 0.016 Rhodomyrtus tomentosa 0.39 
Psychotria serpens 0.016 Baeckea frutescens 0.33 
Baeckea frutescens 0.015 Rhynchospora rubra 0.22 
Rhodomyrtus tomentosa 0.012 Miscanthus floridulus 0.20 
Rhynchospora rubra 0.011 Scirpus erectus 0.17 
Eriachne pallescens 0.009 Lycopodium cemuum 0.14 
Dicranopteris linearis 0.008 Dicranopteris linearis 0.12  
Scirpus erectus 0.008 Eriachne pallescens 0.09 
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Table 6.3 Foliage composition (%ODW) of the existing vegetation (continued). 
e ) N a J ^ ^  
Class Species Na (%) Class Species Al (%) 
Medium Psychotria serpens 0.36 High Lycopodium cemuum 0.414 
Itea chinensis 0.30 Dicranopteris linearis 0.131 
Baeckea frutescens 0.17 Medium Psychotria serpens 0.040 
Pinus massoniana 0.10 Itea chinensis 0.019 
Scirpus erectus 0.10 Rhodomyrtus tomentosa 0.017 
Low Clerodendmm fortunatum 0.07 Clerodendrum fortunatum 0.015 
Lycopodium cemuum 0.07 Pinus massoniana 0.014 
Rhaphiolepis indica 0.06 Aegeratum conyzoides 0.012 
Litsea rotundifolia 0.05 Low Litsea rotundifolia 0.008 
Eriachne pallescem 0.04 Miscanthus floridulus 0.007 
Helicteres angustifolia 0.04 Baeckea frutescens 0.007 
Dicranopteris linearis 0.04 Helicteres angustifolia 0.006 
Miscanthus floridulus 0.04 Smilax china 0.005 
Rhynchospora rubra 0.03 Rhynchospora rubra 0.003 
Ageratum conyzoides 0.03 Dianella ensifolia 0.003 
Dianella ensifolia 0.03 Eriachne pallescens 0.003 
Rhodomyrtus tomentosa 0.02 Rhaphiolepis indica 0.002 
Smilax glabra 0.02 Smilax glabra 0.002  
Smilax china 0.02 Scirpus erectus 0.002 
g) Fe h) Mn  
“ C l a s s Species Fe (%) ” C l a s s Species Mn (%) 
Medium Ageratum conyzoides 0.014 High Psychotria serpens 0.100 
Eriachne pallescem 0.011 Medium Clerodendrum fortunatum 0.061 
Clerodendrum fortunatum 0.010 Helicteres angustifolia 0.059 
Helicteres angustifolia 0.010 Litsea rotundifolia 0.051 
Low Itea chinensis 0.007 Itea chinensis 0.041 
Miscanthus floridulus 0.006 Rhynchospora rubra 0.032 
Litsea rotundifolia 0.006 Rhodomyrtus tomentosa 0.030 
Lycopodium cemuum 0.006 Dicranopteris linearis 0.023 
Baeckea frutescens 0.006 Baeckea frutescens 0.018 
Psychotria serpens 0.005 Low Smilax china 0.014 
Pinus massoniana 0.005 Smilax glabra 0.014 
Smilax china 0.004 Dianella ensifolia 0.014 
Rhynchospora rubra 0.004 Miscanthus floridulus 0.013 
Dianella ensifolia 0.004 Scirpus erectus 0.013 
Rhodomyrtus tomentosa 0.004 Pinus massoniana 0.012 
Rhaphiolepis indica 0.004 Ageratum conyzoides 0.008 
Dicranopteris linearis 0.003 Lycopodium cemuum 0.007 
Scirpus erectus 0.003 Eriachne pallescens 0.007  
Smilax glabra 0 . 0 0 2 Rhaphiolepis indica 0 .002 
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medium foliage N was Itea chinensis. These acid soil indicator plants are mostly shrubs 
(Table 6.1). 
Ageratum conyzoides had the highest foliage K content of 3.88%, being 
followed by 10 species with a medium content of 1.01-1.91% (Table 6.3b). Among 
these 10 species, only Itea chinensis and Rhaphiolepis indica are acid soil indicators. 
Conversely, majority of the species recording a low K content of 0.33-0.87% are acid 
soil indicator plants. 
Phosphorus is usually deficient in strongly acid soils because of complexation by 
Al, Fe and Mn. The existing vegetation contained low levels of phosphorus, in the 
range of 0.008-0.086% (Table 6.3c). Phosphorus could be a limiting factor to plant 
growth or the species need to adapt to low phosphorus conditions in the soil and use 
the nutrient efficiently for growth. 
None of the 19 species had high Ca content in their foliage. Instead, 15 species 
yielded a low Ca content of 0.09-0.79% while the remaining 4 species had a medium 
content of 1.06-1.80% (Table 6.3d). A similar pattern was found for Na, with 5 species 
having a medium concentration of 0.1-0.36% and 14 species a low concentration of 
0.02-0.07% (Table 6.3e). Plants in the humid tropics rarely accumulate Ca and Na in 
the foliage (Hou 1954 & 1982). 
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In strongly acid soils aluminum is rendered soluble and when the concentration 
exceeds 2 cmol/kg (Barber 1995), the element becomes toxic to most plants. 
Lycopodium cemuum and Dicranopteris linearis accumulated high levels of Al, 
averaging 0.414% and 0.131% (Table 6.3f), which were higher than the threshold level 
of 0.1% for acid soil indicator plants suggested by Hou (1982 &1994) and Kabata-
Pendias and Pendias (1992). Six other species accumulated medium levels of Al, 
ranging 0.012-0.040%. They were Pyschotria serpens, Itea chinensis, Rhodomyrtus 
tomentosa, Clerodendrum fortunatum, Pinus massoniana and Aegeratum conyzoides. 
Thus, six out of the eight acid soil indicator plants identified by Hou (1982) contained 
medium to high levels of Al. Two other acid soil indicator plants, namely Baeckea 
frutescens and Rhaphiolepis indica, had a low Al content of 0.007% and 0.002%, 
respectively. 
The physiological function of Al in plants is not clear and the mechanisms of Al 
tolerance may differ among the plant species (Ross and Kaye 1994). Plants generally 
have three kinds of uptake mechanisms, namely excluder (restricted uptake or 
translocation), indicator plant (uptake and translocation according to soil metal 
concentration) and accumulators (actively concentrating metals in tissues). As 
aluminum is freely available in the soils at Tung Chung, the variation of this element in 
the foliage could be due to different physiological behavior of the species. 
The existing vegetation contained low to medium levels of Fe in their foliage. 
None of the four species recording a medium Fe content of 0.01-0.014% were acid soil 
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indicator plants. In other words, 15 species yielded a low Fe content of 0.002-0.007% 
including all the acid soil indicator plants. Although the plants accumulated more Mn 
than Fe, Psychotria serpens was the only species that yielded a high Mn content of 
0.10%. The rest of the species were equally split up between the medium (0.018-
0.061%) and low (0.002-0.014%) concentration levels. 
The foliage chemical composition of the existing vegetation was generally in the 
order of N>K>Ca>Mg>Na>Al, Mn, P，Fe or N � C a > K � M g � N a � A l ， M n , P, Fe (Table 
6.4). This lyotropic series agreed reasonably well with that of the tropical evergreen 
broad-leaved scrubland (N>K>Ca>Al) and subtropical deciduous-evergreen scrubland 
on acid soils (N>Ca>K>Al, Mn) obtained by Hou (1982). The only exception was 
Ageratum conyzoides\ a species normally found at the edge of the srubland, which had 
a lyotropic series o fK>N>Ca>Al , Mn. 
Therefore, majority of the existing vegetation species and the acid soil indicator 
plants in particular, contained low levels of N, P，K and Ca in their foliage. These acid 
soil indicator plants accumulated medium to high levels of Al and Mn, but not Fe. The 
implication is thus clear that species with a low requirement of nutrients or capable of 
using the nutrients efficiently，as well as tolerant to high levels of Al and Mn will grow 
best on the fire-affected slopes in Tung Chung. 
1 Ageratum conyzoides is considered a soil ameliorating species and is good for mulching (Wong of 
SCAU, pers. communication). 
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Table 6.4 Lyo tropic series of the existing species. 
Species Lyotropic series 
Smilax china N>K>Ca>Mg>Na>P>Mn>Al>Fe 
Smilax glabra N>K>Ca>Mg>Na>P>Mn>Al, Fe 
Psychotria serpens N>Ca>K>Mg>Na>Mn>Al>P>Fe 
Dicranopteris linearis * N>K>Ca>Mg>Na>Al>Mn>P> Fe 
Lycopodium cemuum* N>K>Ca>Mg>Na>Al>P>Mn>Fe 
Ageratum conyzoides K>N>C a>Mg>Na>P>Fe>Al, Mn 
Eriachne pallescens N>K>Ca>Mg>Na>Fe>P>Mn>Al 
Miscanthus Jloridulus N>K>C a>Mg>Na>P>Mn> Al>Fe 
Scirpus erectus N>K>Ca>Mg>Na>Mn>P>Fe>Al 
Rhynchospora rubra* N>K>Ca>Mg>Na>Mn>Al>P>Fe 
Dianella emifolia N>K>Ca>Mg>Na>P>Mn>Fe>Ai 
Clerodendrum fortunatum N>K>Ca>Mg>Na>Mn>P> A1>Fe 
Helicteres angustifolia N>K>Ca>Mg>Na>Mn>P>Fe>Al 
Litsea rotundifolia N>Ca>K>Mg>Na>Mn>P>A1>Fe 
Baeckea fnitescens* N>K>Ca>Mg>Na>Mn>P>Al>Fe 
he a chinensis * N>K>Ca>Mg>Na>Mn>P>Al>Fe 
Rhodomyrtus tomentosa* N>K>Ca>Mg>Na>Mn>Al>P>Fe 
Pinus massoniana* N>Ca>K>Mg>Na>P>Al>Mn>Fe 
Rhaphiolepis indica* N>Ca>K>Mg>Na>P>Fe>Mn>Al 
*Classified as acid soil indicator plants or Al, Mn accumulators by Hou (1954 & 1982). 
6.3.2 Foliage composition of planted species 
The foliage composition of the revegetated species was summarized in Appendix 6.2 
and rated against the average plant species (Table 6.5). Nitrogen is regarded as the 
major growth-limiting mineral element (Ericsson 1995; Medina 1995), especially in the 
humid tropics. Among the 36 native species examined, 11 recorded a high N level of 
3.03-4.62% (Table 6.5a). Incidentally, the legume Adenanthera pavonina yielded the 
highest N content of 4.62% possibly due to its capacity in fixing atmospheric nitrogen. 
Together with Bridelia monoica, Persea suaveolens and Endospermum chinense, they 
131 
are species o f f e n g shui woods in Hong Kong. These climax or near climax species are 
relatively slow growing and have a high requirement of nitrogen from the soil. In this 
context, Bridelia monoica and Endospermum chinense are unlikely efficient nitrogen 
user compared to the faster growing species of Myrica rubra in the same category. 
Likewise, the rare species Keteleeria fortunei was slow growing but contained 3.17% 
N in their needles. This further supported the earlier conclusion that rare and feng shui 
woods species (except Schima superba) are not the most suitable species for 
enrichment planting on disturbed slopes. They have a high demand of nitrogen and 
unless they are shade-tolerant and able to compete with the weeds during their early 
stage of growth, their chance of survival is very slim. Also, the local legume 
Adenanthera pavonina may have a potential to ameliorate the soil and replace the 
exotic legumes of acacias in restoration planting. Further research is needed to find out 
whether the low survival ^ate (8.1%) was more a result of poor seedling quality and 
post-planting management than infertile soil conditions. Of course, it is necessary to 
ascertain the nitrogenase activity of this legume under the specific soil conditions in 
Hong Kong, although species of the same family had been confirmed nitrogen fixers 
(Smith et al. 1998). Equally notable in this category is the lack of pioneer species. 
Microcos paniculata, Persea ichangensis, Litsea cubeba and Litsea glutinosa are 
mostly found at the edge of forests in the natural environment, and they require 
relatively fertile soil to support growth. 
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Table 6.5 Foliage composition (%ODW) of the planted species, 
a) N b ) K 
Class Species TKN (%) Class Species K (%) 
High Adenanthera pavonina 4.62 High Schefflera octophylla 2.00 
Microcos paniculate 3.63 Medium Thespesia populnea 1.86 
Bridelia monoica 3.62 Sterculia lanceolata 1.75 
Persea suaveolens 3.33 Endospermum chinense 1.75 
Litsea cubeba 3.21 Microcos paniculate 1.63 
Persea ichangensis 3.20 Viburnum odoratissimum 1.49 
Litsea glutinosa 3.19 Reevesia thyrsoidea 1.47 
Mallotus paniculatus 3.19 Ailanthus fordii 1.41 
Keteleeria fortunei 3.17 Pterospermum heterophyllum 1.33 
Myrica rubra 3.16 Bridelia monoica 1.32 
Endospermum chinense 3.03 Rhaphiolepis indica 1.13 
Medium Phyllanthus emblica 2.86 Litsea glutinosa 1.12 
Persea thunbergii 2.72 Bischofia trifoliata 1.11 
Ailanthus fordii 2.69 Cleistocalyx operculata 1.03 
Persea breviflora 2.66 Aporusa chinensis 1.00 
Bischofia trifoliata 2.43 Sapium discolor 1.00 
Cinnamonum camphora 2.39 Low Aquilaria sinensis 0.91 
Gordonia axillaris 2.32 Litsea cubeba 0.91 
Castanopsis lamontii 2.27 Quercus myrsinaefolia 0.89 
Castanopsis fissa 2.21 Castanopsis fissa 0.87 
Aporusa chinensis 2.20 Mallotus paniculatus 0.81 
Aquilaria sinensis 2.20 Tutcheria spectabilis 0.78 
Cleistocalyx operculata 2.10 Camellia crapnelliana 0.77 
Camellia crapnelliana 2.04 Phyllanthus emblica 0.73 
Sterculia lanceolata 2.03 Persea breviflora 0.71 
Low Thespesia populnea 1.94 Keteleeria fortunei 0.67 
Schima superba 1.74 Schima superba 0.67 
Vitex quinata 1.72 Gordonia axillaris 0.66 
Schefflera octophylla 1.55 Persea suaveolens 0.65 
Reevesia thyrsoidea 1.53 Persea thunbergii 0.64 
Pterospermum heterophyllum 1.52 Persea ichangensis 0.63 
Quercus myrsinaefolia 1.51 Vitex quinata 0.63 
Sapium discolor 1.48 Castanopsis lamontii 0.63 
Rhaphiolepis indica 1.41 Cinnamonum camphora 0.59 
Viburnum odoratissimum 1.38 Adenanthera pavonina 0.58 
Tutcheria spectabilis 1.25 Myrica rubra 0.57 
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Table 6.5. Foliage composition (%ODW) of the planted species (continued), 
c) P d) Ca 
Class Species TP (%) Class Species Ca (%) 
Low Pterospermum heterophyllum 0.052 High Aporusa chinensis 2.04 
Phyllanthus emblica 0.048 Medium Mallotus paniculatus 1.63 
Schefflera octophylla 0.048 Sterculia lanceolata 1.48 
Microcos paniculata 0.041 Rhaphiolepis indica 1.42 
Sterculia lanceolata 0.041 Ailanthus fordii 1.37 
Mallotus paniculatus 0.036 Thespesia populnea 1.34 
Viburnum odoratissimurn 0.035 Cinnamonum camphora 1.27 
Sapium discolor 0.034 Schefflera octophylla 1.15 
Litsea glutinosa 0.033 Tutcheria spectabilis 1.02 
Rhaphiolepis indica 0.031 Microcos paniculata l.OO 
Endospermum chinense 0.030 Low Persea thunbergii 0.93 
Persea suaveolens 0.028 Litsea glutinosa 0.93 
Reevesia thyrsoidea 0.028 Schima superba 0.93 
Quercus myrsinaefolia 0.028 Myrica rubra 0.92 
Bridelia monoica 0.026 Litsea cubeba 0.91 
Vitex quinata 0.026 Camellia crapnelliana 0.89 
Persea ichangensis 0.025 ‘ Aquilaria sinensis 0.86 
Thespesia populnea 0.024 Gordonia axillaris 0.83 
Litsea cubeba 0.023 Adenanthera pavonina 0.82 
Schima superba 0.023 Pterospermum heterophyllum 0.80 
Keteleeria fortunei 0.019 Persea ichangensis 0.73 
Persea thunbergii 0.019 Sapium discolor 0.72 
Castanopsis fissa 0.019 Keteleeria fortunei 0.70 
Persea brevijlora 0.018 Cleistocalyx operculata 0.69 
Bischofia trifoliata 0.017 Vitex quinata 0.69 
Cleistocalyx operculata 0.017 Viburnum odoratissimurn 0.69 
Aporusa chinensis 0.014 Reevesia thyrsoidea 0.68 
Myrica rubra 0.012 Quercus myrsinaefolia 0.66 
Ailanthus fordii 0.010 Persea suaveolens 0.62 
Aquilaria sinensis 0.010 Bridelia monoica 0.59 
Camellia crapnelliana 0.010 Endospermum chinense 0.58 
Adenanthera pavonina 0.009 Persea brevijlora 0.57 
Cinnamonum camphora 0.009 Phyllanthus emblica 0.57 
Gordonia axillaris 0.009 Castanopsis fissa 0.50 
Castanopsis lamontii 0.008 Bischofia trifoliata 0.50 
Tutcheria spectabilis 0.007 Castanopsis lamontii 0.40 
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Table 6.5. Foliage composition (%ODW) of the planted species (continued), 
e) Na f) Al 
Class Species Na (%) Class Species Al (%) 
Medium Persea breviflora 0.34 High Aporusa chinensis 0.632 
Schefflera octophylla 0.21 Tutcheria spectabilis 0.585 
Gordonia axillaris 0.10 Camellia crapnelliana 0.574 
Low Litsea cubeba 0.09 Ailanthus fordii 0.411 
Keteleeria fortunei 0.08 Keteleeria fortunei 0.123 
Castanopsis fissa 0.07 Medium Gordonia axillaris 0.080 
Camellia crapnelliana 0.07 Schima superba 0.048 
Endospermum chine use 0.07 Castanopsis fissa 0.038 
Tutcheria spectabilis 0.07 Castanopsis lamontii 0.021 
Reevesia thyrsoidea 0.07 Litsea cubeba 0.016 
Quercus myrsinaefolia 0.07 Low Persea suaveolens 0.009 
Aporusa chinensis 0.07 Viburnum odoratissimum 0.008 
Sapiwn discolor 0.06 Adenanthera pavonina 0.006 
Castanopsis lamontii 0.06 Persea thunbergii 0.006 
Sterculia lanceolata 0.06 Litsea glutinosa 0.006 
Ailanthus fordii 0.05 Persea ichangensis 0.006 
Rhaphiolepis indica 0.05 Cinnamonum camphora 0.005 
Cinnamonum camphora 0.05 Cleistocalyx operculata 0.005 
Phyllanthus emblica 0.05 Vitex quinata 0.005 
Bischofia trifoliata 0.05 Endospermum chineme 0.004 
Adenanthera pavonina 0.04 Bridelia monoica 0.004 
Aquilaria sinensis 0.04 Pterospermum heterophyllum 0.004 
Schima superba 0.04 Reevesia thyrsoidea 0.004 
Thespesia populnea 0.04 Schefflera octophylla 0.004 
Persea thunbergii 0.03 Aquilaria sinensis 0.004 
Vitex quinata 0.03 Sapium discolor 0.003 
Bridelia monoica 0.03 Sterculia lanceolata 0.003 
Myrica rubra 0.03 Bischofia trifoliata 0.003 
Viburnum odoratissimum 0.03 Myrica rubra 0.002 
Cleistocalyx operculata 0.02 Microcos paniculata 0.002 
Microcos paniculata 0.02 Thespesia populnea 0.002 
Mallotus paniculatus 0.02 Mallotus paniculatus 0.002 
Litsea glutinosa 0.01 Quercus myrsinaefolia 0.002 
Pterospermum heterophyllum 0.01 Persea breviflora 0.002 
Persea suaveolens 0.01 Rhaphiolepis indica 0.002  
Persea ichangensis 0.01 Phyllanthus emblica 0.001 
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Table 6.5. Foliage composition (%ODW) of the planted species (continued), 
g) Fe h) Mn 
Class Species Fe (%) Class Species Mn (%) 
Medium Cinnamonum camphora 0.031 Medium Pterospermum heterophyllum 0.064 
Low Adenanthera pavonina 0.009 Gordonia axillaris 0.062 
Endospermum chinense 0.007 Microcos paniculata 0.059 
Bridelia monoica 0.006 Sterculia lanceolata 0.058 
Litsea cubeba 0.006 Camellia crapnelliana 0.053 
Keteleeria fortunei 0.006 Schima superba 0.047 
Myrica rubra 0.006 Aporusa chinensis 0.045 
Ailanthus fordii 0.006 Schefflera octophylla 0.041 
Castanopsis lamon:ii 0.006 Castanopsis lamontii 0.039 
Aporusa chinensis 0.006 Bridelia monoica 0.032 
Camellia crapnelliana 0.006 Ailanthus fordii 0.032 
Sapium discolor 0.006 Quercus myrsinaefolia 0.032 
Tutcheria spectabilis 0.006 Myrica rubra 0.030 
Microcos paniculata 0.005 Phyllanthus emblica 0.029 
Mallotus paniculatus 0.005 Vitex quinata 0.028 
Sterculia lanceolata 0.005 Reevesia thyrsoidea 0.027 
Thespesia populnea 0.005- Castanopsis fissa 0.025 
Persea suaveolens 0.004 Thespesia populnea 0.024 
Litsea glutinosa 0.004 Mallotus paniculatus 0.023 
Persea thunbergii 0.004 Persea thunbergii 0.023 
Cleistocalyx operculata 0.004 Tutcheria spectabilis 0.022 
Schima superba 0.004 Litsea cubeba 0.020 
Persea ichangensis 0.003 Persea breviflora 0.019 
Persea breviflora 0.003 Persea suaveolens 0.016 
Gordonia axillaris 0.003 Aquilaria sinensis 0.016 
Castanopsis fissa 0.003 Persea ichangensis 0.015 
Vitex quinata 0.003 Sapium discolor 0.015 
Reevesia thyrsoidea 0.003 Cinnamonum camphora 0.013 
Pterospermum heterophyllum 0.003 Keteleeria fortunei 0.012 
Quercus myrsinaeplia 0.003 Low Litsea glutinosa 0.010 
Rhaphiolepis indica 0.003 Endospermum chinense 0.006 
Viburnum odoratissimum 0.003 Adenanthera pavonina 0.005 
Phyllanthus emblica 0.002 Bischofia trifoliata 0.003 
Bischofia trifoliata 0.002 Cleistocalyx operculata 0.003 
Aquilaria sinensis 0.002 Rhaphiolepis indica 0.003  
Schefflera octophylla 0.002 Viburnum odoratissimum 0.001 
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Fourteen species had a medium foliage N of 2.03-2.86% (Table 6.5a), which 
included mainly species from the secondary forest {Persea breviflora, Castanopsis 
lamontii, Aporusa chinensis, Sterculia lanceolata) and feng shui woods {Bischofia 
trifoliata, Cinnamomum camphora, Castanopsis fissa, Aquilaria sinensis, Cleistocaiyx 
operculata). The soils supporting the growth of these species in the natural 
environment contain moderate to high levels of SOM, but low to moderate levels of 
TKN (Marafa and Chau 1999). However, the survival rate of these species in Tung 
Chung varied considerably from 0% {Bischofia trifoliata) to 51.5% {Sterculia 
lanceolata) in 1999 (see Table 5.2). Also, Gordonia axillaris, Aporusa chinensis and 
Camellia crapnelliana are acid soil indicator plants. 
The remaining 11 species contained a low N content of 1.25-1.94% (Table 6.5a) 
and among them were species yielding the highest survival rate. For instance, Reevesia 
thyrsoidea had a survival rate of 70.5%, being followed by Schima superba (70%), 
Tutcheria spectabilis (46.5%), Viburnum odoratissimiim (37.5%) and Rhaphiolepis 
indica (34%) (see Table 5.2). In addition, they were also the fastest growing species 
with regard to height and basal diameter increment. For other species in this list, they 
were characterized by relatively low survival rate and slow growth rate. Hence, 
Reevesia thyrsoidea, Schima superba, Tutcheria spectabilis. Viburnum odoratissimum 
and Rhaphiolepis indica seem to adapt particularly well to the low nitrogen condition 
of the soil. They are likely species with the highest nitrogen use efficiency. Furthermore, 
Schima superba, Rhaphiolepis indica and Tutcheria spectabilis are also acid soil 
indicator plants. 
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Twenty out of 36 species recorded a low foliar K content of 0.57-0.91% (Table 
6.5b), among which 10 species {Litsea cubea, Castanopsis fissa, Mallotus paniculatus, 
Tutcheria spectabilis, Phyllanthus emblica, Persea breviflora, Schima superba, 
Gordonia axillaris, Persea suaveolens, Myrica rubra) had moderate to high survival 
rate. In this context, the faster growing species of Tutcheria spectabilis, Schima 
superba, and Myrica rubra seem to use K most efficiently for growth. Another 15 
species recorded a medium level of K (1.00-1.86%) in their foliage，including the fast 
growing species Reevesia thyrsoidea. Schefflera octophylla was the only species which 
accumulated the highest K content of 2.0% in its foliage. It is a mid- to late-
successional species in the secondary forest- and feng shui woods in Hong Kong, which 
prefers relatively fertile soils. 
All the revegetated species recorded a low level of P (0.007-0.052%) in their 
foliage, a pattern similar to the existing vegetation (Table 6.5c). Among them, the faster 
growing species Reevesia thyrsoidea, Myrica rubra and Tutcheria spectabilis recorded 
only 0.028%, 0.012% and 0.007% P in their foliage, respectively. It is thus clear that 
vegetation growing in this habitat needs to adapt to the low-phosphorus condition of 
the soils. 
The number of species recording high (>2.0%), medium (1.00-1.63%) and low 
(0.40-0.93%) levels of foliar Ca were 1，9 and 26 respectively (Table 6.5d). Among the 
25 species characterized by low Ca concentration, Litsea glutinosa’ Schima superba, 
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Myrica rubra, Gordonia axillaris. Viburnum odoratissimum, Reevesia thyrsoidea and 
Castanopsis fissa also recorded a relatively high survival rate and growth rate. 
Tutcheria spectabilis is a fast growing species of the Theaceae family, accumulating 
1.02% Ca in its foliage. These species are likely to use Ca efficiently in growth, an 
element that is lacking in the acid soil. 
Three species recorded a medium Na concentration of 0.10-0.34% in their 
foliage while the remaining 33 species had a low concentration of 0.01-0.09% (Table 
6.5e). Species with higher survival rate and the fastest growth rate contained negligible 
amount of Na. Likewise, majority of the known acid soil indicator plants are not Na 
accumulator. This can be accounted by the facts that the soil contains low levels of Na 
and that Na plays a less important role in plant nutrition than other cation nutrients. 
Aluminum is soluble in the strongly acid soils and species of the Theaceae 
family are well known Al accumulator. Of the four species yielding a high Al content of 
0.123-0.632%, Tutcheria spectabilis and Camellia crapnelliana belong to the 
Theaceae family. After 5 years of growth, Tutcheria spectabilis had a survival rate of 
46.5% compared to 0.5% for Camellia crapnelliana (see Table 5.2). It is a 
misconception that Camellia crapnelliana is not a suitable species for the site because 
the only tree remaining alive in 1999 recorded a remarkably good height (25.8 cm/yr) 
and basal diameter (4.6 mm/yr) growth (see Tables 5.4 & 5.5). Given its low 
requirement of nitrogen and apparent tolerance of Al in the soil, the poor survival was 
probably a result of factors other than the poor soil conditions. Likewise, Aporusa 
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chinensis, Ailanthus fordii and Keteleeria fortunei accumulated 0.632%, 0.411% and 
0.123% Al in their foliage. Among the 50 species investigated they recorded an average 
survival rate of 10.6-17.0%, height growth rate of 8.8-14.7 cm/yr, and basal diameter 
growth rate of 2.2-6.4 mm/yr (see Tables 5.4 & 5.5). They are likely acid soil indicator 
plants that can accumulate high levels of Al in their foliage. Because the three species 
contained more N in their foliage than Tutcheria spectabilis and Camellia crapnelliana 
(Table 6.5a), they are probably less efficient in the use of nitrogen. This explained why 
their growth performance was inferior to the Theaceae species. 
Five other species including Gordonia axillaris, Schima superba, Castanopsis 
fissa, Castanopsis lamontii and Litsea cubeba recorded a medium Al level of 0.016-
0.080% (Table 6.5f). It is thus clear that species recording a high survival rate, such as 
Tutcheria spectabilis, Schima superba and Litsea cubeba, could accumulate medium to 
high levels of Al in their foliage. Rhaphiolepis indica, existing or planted, yielded the 
same concentration of Al (0.002%) in their foliage. 
Although Fe is equally soluble in acid soils, the native species accumulated less 
Fe than Al in their foliage. Cinnamomum camphora was the only species with a 
medium foliar Fe concentration of 0.031% while the other 35 species had a low content 
of 0.002-0.009% (Table 6.5g). The 3 feng shui woods species Bischofia trifoliata, 
Aquilaria sinensis, and Schefflera octophylla accumulated only 0.002% Fe in their 
foliage. 
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Interestingly, 29 species had a medium Mn content of 0.012-0.064% m their 
foliage compared to 7 species with a low content of 0.001-0.010% (Table 6.5h). With 
the exception of Rhaphiolepis indica, the other 7 known acid soil indicator plants 
contained medium level of Mn in their foliage. 
The lyotropic series of the planted species was largely in the order of either 
N>K>Ca>Mg>Na, P, Al, Mn, Fe or N � C a > K > M g � N a，P , Al  Mn, Fe (Table 6.6). This 
pattern agreed reasonably well with that obtained by Hou (1954 & 1982)，as well as 
that of the existing vegetation (Table 6.4). For the acid soil indicator plants of Camellia 
crapnelliana, Keteleeria fortunei and Tutcheria spectabilis, however, the foliage 
accumulated more Al than Mg and P. Hence, the lyotropic series was changed to the 
order of N>Ca>K>Al>Mg, Na, Mn, P, Fe, and the role of acid soil indicator plants in 
the biogeochemical circulation of aluminum is thus confirmed (Tang et al 1962). 
Majority of the planted species contained low levels o f K , P, Ca, Na and Fe in their 
foliage, which was comparable to the existing vegetation. However, there were 
proportionately more species recording a medium to high concentration of N, probably 
due to the addition of ammoniacal fertilizer and active uptake by the actively growing, 
young species. With few exceptions, species exhibiting a high 
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Table 6.6 Lyotropic series of the planted species. 
Species Lyotropic series 
Adenanthera pavonina N>Ca>K>Mg>Na>P=Fe>Al>Mn 
Ailanthus fordii N>K>Ca>Mg>Al>Na>Mn>P>Fe 
Aporusa chinensis N>Ca>Mg>K>Al>Na>Mn>P>Fe 
Aquilaria sinensis N>K>Ca>Mg>Na>Mn>P>Al>Fe 
Bischofia trifoliata N>K>Ca>Mg>Na>P>Al=Mn>Fe 
Bridelia monoica N>K>Ca>Mg>Na>P>Mn>Fe>Al 
Camellia crapnelliana N>Ca>K>Al>Mg>Na>Mn>P>Fe 
Castanopsis fissa N>K>Ca>Mg>Na>Al>Mn>P>Fe 
Castanopsis lamontii N>K>Ca>Mg>Na>Mn>Al>P>Fe 
Cinnamonum camphora N>Ca>K>Mg>Na>Fe>Mn>P>Al 
Cleistocalyx operculata N>K>C a>Mg>Na>P>Al>Fe>Mn 
Endospermum chinense N>K>Ca>Mg>Na>P>Fe>Mn>Al 
Gordonia axillaris N>Ca>K>Mg>Na>P>Al>Mn>Fc 
Keteleeria fortunei N> C a>K> Al>Mg>Na>P>Mn>Fe 
Litsea cubeba N>Ca>K>Mg>Na>P>Mn>Al>Fe 
Litsea glutinosa N>K>Ca>Mg>P>Na>Mn>Al>Fe 
Persea brevijlora N>K>Ca>Na>Mg>Mn>P>Fe>Al 
Persea ichangensis N>Ca>K>Mg>P>Mn>Na>Al>Fe 
Persea suaveolens N>K>Ca>Mg>P>Mn>Na>Al>Fe 
Persea thunbergii N>Ca>K>Mg>Na>Mn>P>Al>Fe 
Mallotus paniculatus N>Ca>K>Mg>P>Mn>Na>Fe>Al 
Microcos paniculata N>K>Ca>Mg>Mn>P>Na>Fe>Al 
Myrica rubra N>Ca>K>Mg>Mn>Na>P>Fe>Al 
Phyllanthus emblica N>K>Ca>Mg>Na>P>Mn>Fe>Al 
Pterospermum heterophyllum N>K>Ca>Mg>Mn>P>Na>Al>Fe 
Quercus myrsinaefolia N>K>Ca>Mg>Na>Mn>P>Fe>Al 
Reevesia thyrsoidea N>K>Ca>Mg>Na>P>Mn>Al>Fe 
Rhaphiolepis indica N>Ca>K>Mg>Na>P>Fe=Mn>Al 
Sapium discolor N>K>Ca>Mg>Na>P>Mn>Fe>Al 
Schefflera octophylla N>K>Ca>Mg>Na>P>Mn>Al>Fe 
Schima superba N>Ca>K>Mg>Al>Mn>Na>P>Fe 
Sterculia lanceolata N>K>Ca>Mg>Mn>Na>P>Fe>Al 
Thespesia populnea N>K>Ca>Mg>Na>P>Mn>Fe>Al 
Tutcheria spectabilis N>Ca>K>Al>Mg>Na>Mn>P>Fe 
Viburnum odoratissimurn N>K>Ca>Mg>P>Na>Al>Fe>Mn 
Vitex quinata N>Ca>K>Mg>Na>Mn>P>Al>Fe 
survival rate and rapid growth rate were likely high efficiency nutrient users, as 
reflected by the lower nutrient levels in their foliage. This is particularly obvious for 
species of the Theaceae and Lauraceae families. Most of the acid soil indicator plants 
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were efficient nutrient users and accumulated medium to high levels of Al. In this 
context, Aporusa chinensis, Ailanthus fordii and Keteleeria fortunei are likely acid soil 
indicator plants that have not been recognized before. Foliar analysis also revealed that 
the low survival rate of some species was caused by factors other than the poor soil 
conditions, notable example being Camellia crapnelliana. 
6.4 Conclusion 
From the results obtained in the present experiment, the following conclusions can 
be summarized: 
1 • The lyotropic series of nutrients for the existing vegetation decreased in the order of 
either N � K > C a � M g > N a > A l , Mn, P, Fe or N � C a � K � M g � N a � M Mn, P，Fe. It is 
largely comparable to the vegetation of subtropical to tropical China. 
2 . Majority of the existing vegetation species contained low levels of N, P, K and Ca 
in their foliage, all of which were deficient in the soils. Lycopodium cemuum and 
Dicranopteris linearis accumulated 0.414% and 0.131% Al, being higher than any 
other species. 
3 . The lyotropic series of nutrients for the planted species was in the order of either 
N � K � C a > M g � N a ， P , Al, Mn, Fe or N>Ca>K>Mg>Na, P, Al, Mn, Fe. This is 
comparable to that of the existing vegetation. As the acid soil indicator plants 
accumulated more Al than P and Mg, the lyotropic series was changed to the order 
ofN>Ca>K>Al>Mg, Na, Mn, P, Fe. 
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4 . The existing vegetation and planted species contained low levels of K, P，Ca, Na 
and Fe in their foliage. However, the planted species seemed to contain more N 
than the existing vegetation, possibly due to the replenishment of nitrogen fertilizer 
and active uptake by the actively growing, young species. 
5 . Species characterized by rapid growth rate and contain lower levels of essential 
nutrients in their foliage are likely efficient nutrient users. In this context, the most 
efficient nutrient users among the planted species were Schima superba, Reevesia 
thyrsoidea and Tutcheria spectabilis. The least efficient nutrient users were likely 
to be the feng shui woods -species, including Endospermum chinense, 
Cinnamomum camphora and Bridelia monoica. 
6. Most acid soil indicator plants accumulate Al and Mn in their foliage, but not Fe. 
They also contain relatively low levels of N, K, Ca and P in their foliage. 
7. Under the strongly acid soil conditions, Aporusa chinensis, Tutcheria spectabilis. 
Camellia crapnelliana, Ailanthus fordii and Keteleeria fortunei were likely to 
tolerate Al toxicity better than any other species investigated. The present design of 
the experiment did not permit us to investigate or infer the species that were least 
tolerant of Al. 
8 . Aporusa chinensis, Ailanthus fordii and Keteleeria fortunei are likely acid soil 
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indicator plants that have not been recognized before. They seemed to satisfy all the 
criteria mentioned in (6) above. 
9 . Foliar analysis can supplement survival and growth rate analysis in the screening of 
species suitable for restoration planting. 
10.Nutrient use efficiency and tolerance of Al toxicity are useful criteria for the 
screening of species in south China, where the soils are strongly acidic in reaction, 
infertile and contain toxic level of Al. 
11. Overall, species from the Theaceae and Lauraceae families are likely to be most 




7.1 Summary of Findings 
The thesis investigated the enrichment planting of 50 native species on two 
fire-affected, grassy slopes in Tung Chung, Hong Kong. These species were planted 
on two sites of identical geology, vegetation, soil type, aspect and altitude, yet one 
site was artificially burnt to remove the weeds prior to planting in April 1994. The 
objectives of the study were threefold: (a) to examine the properties and 
characteristics of the disturbed soils; (b) to investigate the survival rate and growth 
performance of the native species; and (c) to examine the feasibility of employing 
foliar analysis in the screening of native species for enrichment planting. After 5 
years of growth, the native species performed differently on the acidic, infertile soils. 
A few rules governing the screening of species for restoration planting were 
generalized from this study. 
The soils were sampled at three depths, namely 0-5 cm, 5-15 cm and 15-30 
cm. Texturally, the soils belong to sandy clay loam in which sand predominated over 
clay and silt. The average bulk density was higher in site A (1.56 gmycm^) than site 
B (1.47 gm/cm^), and the corresponding porosity was 41.2% and 44.7%. The 
penetration resistance was 2.73 Mpa for site A compared to 1.80 Mpa for site B. 
Thus, the soil in site B was less compacted and better aerated than its counterpart in 
site A. 
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The soils were strongly acidic in reaction, with an average pH of 4.37-4.65 
for site A and 4.48-4.79 for site B. The exchange sites were dominated by total 
exchangeable acidity (Al + H), averaging 6.95-8.30 cmol/kg for site A and 8.16-
9.46 cmol/kg for site B. Exchangeable Al predominated over exchangeable H in 
both sites, exceeding the toxicity level of 2.0 cmol/kg for the average plants. 
The soils contained low levels of organic matter and nitrogen. SOM 
averaged 1.31-2.66% for site A compared to 1.99-3.70% for site B, and the 
corresponding values for TKN were 0.04-0.08% and 0.04-0.09%. Mineral nitrogen 
(NH4-N and NO3-N) accounted for less than 1% of the TKN, averaging 0.53-0.77 p, 
g/g for site A and 0.41-0.62 fig/g for site B. Nitrogen was a limiting factor to 
growth of the planted species. 
Available phosphorus ranged 1.10-7.83 \i g/g compared to the total 
phosphorus content of 24.02-55.64 |ag/g for the two soils. The low phosphorus 
content was probably a result of complexation of the element by Al, Fe and Mn 
under acid soil conditions. 
The soils contained low levels of exchangeable K, Na, Ca and Mg, probably 
due to severe leaching of the bases under the high rainfall conditions. Exchangeable 
K averaged 0.04-0.09 cmol/kg for both sites. The corresponding values for 
exchangeable Na, Ca and Mg were 0.09-0.10 cmol/kg, 0.07-0.85 cmol/kg and 0.05-
0.14 cmol/kg. Exchangeable bases accounted for 3-13% of the ECEC. 
Exchangeable Fe (15.80-30.0 }ig/g) predominated over exchangeable Mn (0.23-
147 
2.70 | ig /g) in the soils. 
Overall, the soils were strongly acidic in reaction, contained low levels of 
SOM, TKN, mineral N, available phosphorus and cation nutrients, but toxic levels 
o f A l . 
Five years after planting, only 18.3% of the planted species survived on the 
grassy slopes (7.4% in site A against 27.7% in site B). Reevesia thyrsoidea yielded 
the highest survival rate of 70.5%, being followed closely by Schima superba at 
70%. Ten species died completely in 1999, including Alangium chinensis, 
Antidesma hurnius, Ardisia crenata, Artocarpus hypargyrea, Bischofia trifoliata, 
Bredelia monoica, Ficus wightiana, Liquidambar formosana, Lithocarpus harlandi 
and Litsea monopetala. 
The 5-year-old species recorded an average height of 23.0-238.3cm and a 
basal diameter of 6.0-54.9 mm. Schima superba, Reevesia thyrsoidea, Tutcheria 
spectabilis, Litsea cubeba and Myrica rubra were the fastest growing species, with 
an average height increment rate of 34.3-44.8 cm/yr and a basal diameter increment 
rate of 6.6-12.0 mm/yr. Cinnamomum camphora and Celtis sinensis were the 
slowest growing species. 
The survival rate of the species was positively correlated with height and 
basal diameter. In this context, height accounted for a higher variation of the 
survival rate than basal diameter. This suggests that reaching for the light source is 
crucial to survival of the species. 
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The rare species (e.g. Artocarpus hypargyrea. Camellia granthamiana, 
Aquilaria sinensis) and species of the Fagaceae family (e.g. Castanopsis lemontii, 
Quercus edithae, Quercus myrsinaefolia, Lithocarpus harlandi) with restricted 
distribution grew relatively poorly in the fire-affected environment. 
Regarding the two legumes, Adenanthera pavonina outperformed Ormosia 
emarginata in survival rate, height and basal diameter growth. However, their 
growth performance was inferior to many other species. 
The survival and growth of the species were likely affected by competition 
from weeds, species selection and the- poor soil conditions. The species likely to be 
most suitable for enrichment planting were Schima superba, Reevesia thyrsoidea 
and Tutcheria spectabilis while the least suitable species were Cinnamomum 
camphora, Ficus microcarpa, Aquilaria sinensis, Endospermum chinensis. 
Camellia granthamiana, Celtis sinensis and Pterospermum heterophyllum. 
A foliar analysis was undertaken for 19 species present among the existing 
vegetation and 36 of the 50 planted species. The objectives were to elucidate the 
nutrient requirements of these species and to generalize some rules, if possible, for 
the screening of species for future planting. 
The existing vegetation had a lyotropic nutrient series of either 
N>K>Ca>Mg>Na>Al, Mn, P, Fe or N>Ca>K>Mg>Na>Al, Mn, P, Fe. It was 
largely comparable to the vegetation of subtropical to tropical China. Majority of 
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the species contained low levels o f N, P, K and Ca in their foliage, all of which were 
deficient in the soils. Lycopodium cernuum and Dicranopteris linearis accumulated 
0 .414% and 0.131% Al, being higher than any other species. 
The lyotropic nutrient series of the planted species decreased in the order of 
either N � K � C a � M g � N a ， P , Al, Mn, Fe or N > C a � K � M g � N a ， P , Al, Mn, Fe. They 
were comparable to the existing vegetation. For the acid soil indicator plants, it was 
changed to the order of N>Ca>K>Al>Mg, Na, Mn, P, Fe due to the accumulation 
o f Al in their foliage. Nevertheless, the planted species also contained low levels of 
K, P, Ca, N a and Fe in their foliage. 
It was found that the faster growing species contained lower levels of 
essential nutrients in their foliage. These species were likely to be efficient nutrient 
users, including Schima superba, Reevesia thyrsoidea and Tutcheria spectabilis. 
The least efficient nutrient users were species associated with the feng shui woods, 
including Endospermum chineme, Cinnamomum camphora and Bridelia monoica. 
Most acid soil indicator plants accumulated higher levels o f Al and Mn in 
their foliage, but not Fe. They also contained relatively low levels of N, K, Ca and P 
in their foliage. Aporusa chinensis, Tutcheria spectabilis. Camellia crapnelliana, 
Ailanthus fordii and Keteleeria fortunei were likely to tolerate Al toxicity better 
than any other species investigated. In this connection, Aporusa chinensis, 
Ailanthus fordii and Keteleeria fortunei are likely acid soil indicator plants that have 
not been recognized before. 
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Foliar analysis can, therefore, supplement survival and growth rate analysis 
in the screening of species suitable for restoration planting. It helps to identify 
species that can use nutrients efficiently and tolerate Al toxicity. 
The following guidelines are useful to the selection of native species for 
enrichment planting on fire-affected areas: 
(a) Avoid species associated with the established feng shui forests; 
(b) Avoid rare species and species with restricted distribution (e.g. Fagaceae 
family) in the natural environment; 
(c) Species characterized by high efficiency of nutrient use (e.g. Theaceae, 
Lauraceae and Sterculiaceae families) are likely to be suitable; 
(d) Acid soil indicator plants and alleged aluminum accumulators such as 
Myrica rubra, Schima superba, Tutcheria spectabilis and Gordonia 
axillaris are potentially suitable on the acidic, infertile soils. 
7.2 Implications of the Study 
7.2.1 Silviculture involving native species 
In Hong Kong, exotic species have been used extensively to rehabilitate 
degraded lands for over 50 years. The enrichment planting of native species to 
accelerate forest development on grassy slope was the first of its kind ever 
attempted. The natural soil environment is undoubtedly sub-optimal to plant growth, 
yet there are over 390 native tree species in the territory. After 5 years of growth, 
only 18.3% of the planted species survived the fire-affected, open environment. It 
could hardly be compared with survival rates of 50% to over 80% in tropical 
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America (e.g. Butterfield and Fisher 1994; Gonzalez and Fisher 1994; Montagnini et 
al 1995b; Haggar et a/. 1998). The species that died off completely or exhibited a 
low survival rate were mostly the slow growing, nutrient demanding, late-
successional species of the feng shui woods. Conversely, the best species were 
characterized by rapid height growth, high nutrient use efficiency and tolerance of 
Al toxicity. Many of them occur in secondary forests or edge of shrublands and 
woodlands in the natural environment. 
The low survival rate is a reflection of the site conditions and the lack of 
silviculture experience on native species. The site was chosen due to its close 
proximity to the lost habitat at the new airport, representing a typical example of 
off-site compensatory planting in Hong Kong. Despite the influence of fire, the site 
already contained a wide range of vegetation at the time of planting in 1994 
including grasses, shrubs and trees. In the absence of fire for another 20 years, this 
degraded site can potentially be restored with naturally regenerated tree species 
typical of the secondary native forest (Zhuang 1997). Thus, protection of the site 
against fire and other disturbances may lead to the re-establishment of a native 
forest in the long run (Chau and Marafa 1999b; Au 2000). This is, however, beyond 
the scope of the present study. 
In view of the lack of experience on the planting of native species, what 
criteria should be followed in the selection of species? A rule of thumb is to choose 
species that are also found in the nearby woodlands and to avoid late-successional 
species for this disturbed environment. Of the 50 species planted, only 19 were also 
present in the site and the rest were selected partly due to stock availability in 
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AFCD's tree nursery. Furthermore, AFCD wanted to trial out as many species as 
possible. It is thus safe to surmise that the species had not been selected with a view 
to match the site conditions. 
Several site factors can potentially affect the survival and growth of the 
seedlings. First and foremost was the high bulk density of the soil in plot A; it was 
compacted, less well aerated and more stony than in plot B. To facilitate root 
growth, it is necessary to dig a bigger pit and replace the compacted soil with friable 
materials. Second, the soils in both sites were strongly acidic in reaction, infertile 
and contained low levels of SOM and TKN. Even though there was no 
comprehensive soil test prior to planting, the presence of acid soil indicator plants 
was suffice to reflect the likely properties of the soil. There was no attempt to 
neutralize the soil with lime or to amend it with organic matter to assist growth. 
This clearly showed that the potential impacts of soil on the planted seedlings had 
not been recognized. The third inhibitive factor was the shortage of water for 
irrigation. It could have led to the high mortality of the seedlings, although this 
could not be verified in the present study. 
Weed competition is undoubtedly a great threat to growth of the planted 
species. Weeds competed with the young seedlings for growth space, light, water 
and nutrients. The shade-tolerant, slower growing species hidden by the weeds 
could also be trimmed during weeding. The frequency of weeding should, therefore, 
be increased to once a month in summer during the early stage of growth. This will 
minimize competition from the weeds and help to reduce seedling loss. 
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A lot has been leamt from this project, from species selection to planting 
techniques and post-planting care. The selection of suitable species must be matched 
with proper site preparation and management, otherwise enrichment planting is 
doomed to fail. 
7.2.2 Screening of species 
The screening of native species for enrichment planting on a fire-affected site 
is a complicated process. The ideal species have to match conditions of the site and 
interact successfully with the existing vegetation, otherwise they will be eliminated. 
The following three rules for the screening of species can be generalized from the 
present study: 
( a ) Avoid species associated with the established feng shui forests; 
(b ) Species of the Theaceae, Lauraceae and Sterculiaceae families and, in 
particular, those growing in secondary forests and edge of shrublands 
and forests are likely to be suitable; 
( c ) Acid soil indicator plants and alleged aluminum accumulators are 
potentially suitable on the acidic, infertile soils. 
The feng shui forests are regarded as remnants of the climax vegetation in 
the territory, characterized by high biodiversity and a humus-rich fertile soil. The 
vegetation is dominated by slow growing, nutrient demanding and late-successional 
species (e.g. Endospermum chinense, Vitex quinata, Bischofia trifoliator) that are 
also shade-tolerant during their early stage of growth. They prefer to grow on moist, 
fertile soil that contains adequate humus and nitrogen. 
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Annually, about 500 hill fires occur in the countryside of Hong Kong (Chau 
and Marafa 1999b). A fire-damaged slope represents the mildest form of 
disturbance, in which only the above-ground vegetation is combusted while the soil 
remains unaffected (Aber 1993). Where fire occurs repeatedly, however, there is a 
continuous loss of organic matter and nitrogen from the ecosystem (Raison et al. 
1985; Binkley et al. 1992). The soil in the study site is seemingly depleted of SOM 
and TKN, which can hardly meet the requirements of most feng shui woods species. 
It is thus clear that the choice of species for enrichment planting would depend on 
the nature and severity of disturbance. For severely disturbed sites involving soil 
destruction, such as granitic badland and waste mines, pioneer species with a 
capacity to fix atmospheric nitrogen is the answer. In Tung Chung, species of low to 
medium nutrient requirements from secondary forests or edge of shrublands and 
forests appear to be most suitable. Incidentally, they belong mostly to the Theaceae, 
Lauraceae and Sterculiaceae families. And, establishment of the planted species can 
have catalytic effects on the invasion of more native species. It is thus true that in 
restoration planting, the ultimate consideration is still ecological. 
Similarly, the growth requirements of rare and protected species (e.g. 
Artocarpus hypargyrea, Camellia granthamiana. Camellia crapnelliana and 
Aquilaria sinensis), as well as species of the Fagaceae family with restricted 
distribution are least understood in the literature. There must be growth constraints 
that limit the quantity and distribution of these species in nature, hence it is sensible 
not to use them when budget and time are concerns in enrichment planting. 
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Plants with a high nutrient use efficiency on the infertile soils are likely to 
survive the disturbed, open environment. This adaptation trait enables the species to 
grow rapidly in height and basal diameter. In this context, height increment is more 
important than basal diameter increment in accounting for the variation of survival 
rate among the species. This would enable the plant to reach for the light source and 
avoid being dwarfed, hence outcompeted, by the weeds. Thus, fast growing, shade-
intolerant species seem to have a competitive edge over the slow growing, shade-
tolerant species. 
Incidentally, some of the more suitable species identified in the present study 
are also acid soil indicator plants. They tend to accumulate more Al and Mn in their 
foliage compared to the average plants. Plants tolerant of metal toxicity, particularly 
Al, are likely to adapt well to the acid soil conditions. Foliar analysis can, therefore, 
be employed to elucidate the nutrient use efficiency and metal tolerance of potential 
species suitable for restoration planting. Species of high nutrient use efficiency is a 
better choice for enrichment planting while species of low nutrient use efficiency can 
be considered for nutrient recycling (Singh and Tripathi 1992; Montagnini 1994). 
7.2.3 Native forest succession 
Hong Kong used to support a climax vegetation of monsoon broadleaf 
forests, yet after centuries of human disturbances they were modified to fragmented 
grasslands, shrublands and woodlands (Thrower 1984a). Today, the vegetation 
community reminiscent of this climax vegetation is the feng shui woods. It is 
impossible to rote copy the species composition of the feng shui woods in 
enrichment planting because although they account for only 0.06% of the total land 
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area of the territory, they contain 25-30% of the, total flora (Chu and Xing 1997). 
Furthermore, the soils underneath the feng shui woods contain more SOM and 
TKN than the fire-affected sites (Chau and Marafa 1999b). Has the objective of 
planting in Tung Qhung been fulfilled? 
Enrichment planting not only accelerates the process of succession by 
adding tree species to the grassy slope, but also improves the soil conditions in the 
long run. The successful establishment of Myrica rubra, Schima superba, Litsea 
glutinosa and Reevesia thyrsoidea can serve as successional catalysts, accumulating 
native species at higher rates than what would be in their absence. This role is 
similar to the exotic acacia plantations, which also facilitate the invasion of native 
species (Au 2000). However, the process is believed to be more efficient for the 
native plantation than the exotic plantation as the former habitat is more attractive 
to the local wildlife. Indeed, Myrica rubra is a fruit-bearing tree that is attracted to 
birds in the dispersal of seeds. In this context, priority should be given to the search 
of fruit-bearing species for enrichment planting in future. Although Tutcheria 
spectabilis is a fast growing species tolerant of the acid soil, its stone fruit is not 
palatable to most birds. It is advisable to avoid planting of the species in pure stand; 
instead, it should best be planted in polyculture stand with other fruit-bearing 
species. Therefore, the enrichment planting of native species on grassy slope is not 
an end itself; it is a means to an end. The strategy of woodland management is to 
establish native species on the derelict land, promote natural succession and to 
improve the environment within the shortest frame of time, spending the least 
manpower and money (Parrotta 1992; Ewel 1993). 
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7.2.4 Potentials of native legumes 
Nitrogen is a limiting factor to plant growth in most degraded lands and 
mineral nitrogen (NH4-N and NO3-N) accounted for less than 1% of the TKN in the 
soils in Tung Chung. In Hong Kong, exotic nitrogen-fixing legumes such as Acacia 
auricidiformis. Acacia confusa and Acacia mangium have been used extensively to 
revegetate badlands, borrow areas, landfills and abandoned quarries. They 
outperform other broadleaf species because of their ability in fixing atmospheric 
nitrogen and tolerance of drought conditions. However, they also suffer from 
several growth problems, including short life-span, short-rootedness and brittle 
branches. There is a compelling need to search for alternative species, preferably 
from the local flora and with a similar capacity in fixing atmospheric nitrogen. 
Among the 50 species planted in Tung Chung, Adenanthera pavonina and 
Ormosia emarginata are legumes of the Fabaceae family. The nitrogenase activity 
of these species is beyond the scope of the present study, yet the foliage of 
Adenanthera pavonina yielded the highest N content of 4.62% among all the 
species (see Table 6.5a). It was planted in plot A where the growth conditions were 
inferior to plot B. After 5 years of growth, the species had a survival rate of 8.1% 
compared to the average of 7.4% for the plot. It attained an average height of 100.2 
cm and a basaj^ diameter of 23.5 mm, and the corresponding height and basal 
diameter increment rates were 17.2 cm/yr and 4.8 mm/yr (see Tables 5.3 & 5.4). 
Although the performance of Ormosia emarginata was less impressive, it still 
showed that some native legumes have the potential to grow on disturbed lands and 
ameliorate the impoverished soils in Hong Kong. More field trials of native legumes 
are recommended, and once the potential species have been identified they can be 
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tested in mixed planting with other native species. It will bring dual benefits to the 
environment, augmenting soil nitrogen and improving the growth of the 
accompanying species. 
7.3 Limitations of the Study 
The compensatory woodland project represented the first large-scale 
enrichment planting of native species ever attempted in Hong Kong. This study was 
undertaken in collaboration with AFCD, and their emphasis was more on 
monitoring the survival and growth performance of the planted species than on 
providing a scientific basis for their screening. Several limitations were encountered 
in this study. 
First and foremost was the retrospective study on properties of the soil in 
the planting site. It is necessary to conduct a comprehensive soil test prior to 
planting to assess its nutrient-supplying capacity. This will shed light on the 
selection of appropriate species to match the site and specific management 
prescriptions after planting. However, this was omitted owing to the lack of 
experience and constraint of resource. There was a lapse of 5 years when the soils 
were examined in this study. Although the properties and characteristics were 
largely comparable to other major soil types in Hong Kong, the effect of control 
burning in trial plot B could not be ascertained. Control burning not only eliminates 
competition of the weeds, but also results in an ammonium flush in the soil that is 
beneficial to early establishment of the saplings. Furthermore, the TKN content of 
the soil could have been affected by the addition of fertilizers. 
159 
Another limitation associated with the retrospective approach was the lack 
of relevant information on seedling quality, planting techniques and post-planting 
care between 1994 and 1998. They were crucial to early survival and development of 
the planted species, besides the influence of soil and an open growth environment. 
Thus, the extent of their impact on the survival and growth performance of the 
species could not be ascertained precisely. 
In Chapter 6, the replicates of foliage samples varied from 2 to 5 owing to 
differential growth characteristics of the planted species (see Appendix 6.2). 
Because of this, regression analysis cannot be performed to further elucidate the 
relationship of survival rate and growth performance of the species with their foliage 
composition. With sufficient data, principal component or factor analysis can be 
used to discriminate species that are most suitable for enrichment planting in the site. 
The 50 species were planted in trial plots A and B according to their 
alphabetical order. It could be a genuine limitation in the experimental design 
because the two sites had been subjected to different treatments prior to planting. 
Cross-site comparison between the same species could not be made although this 
had not been a study objective of AFCD. 
Another limitation of the study was associated with the problem of weed 
competition. Some slower growing deciduous species (e.g. Bridelia monoica) were 
covered up by weeds, resulting in direct kill or removal of the tops during weeding. 
Because of this, the accuracy of the data on survival and growth performance in 
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June 1998 could have been undermined. This problem was rectified in the following 
measurement undertaken in April 1999. 
The 50 species planted in the site belong to 23 families, and they were 
selected partly because of stock availability in AFCD's tree nursery. Many of their 
biological and ecological attributes are not well understood, hence the 
recommendation of family suitable for enrichment planting is inconclusive. It is valid 
for particular species in the recommended family only. 
7.4 Suggestions for Future Study 
Enrichment planting involving the use of native species is a popular research 
topic. It serves to protect the local flora, accelerate forest development and enhance 
wildlife. The study has raised more questions than it has answered. One way of 
screening suitable species for this purpose is to dump as many vegetative materials 
to the disturbed site as possible and let nature does the selection. This is neither 
cost-effective nor scientifically sound. While matching species with site is a 
cumbersome process, it needs to be carried out systematically. A zero-time 
approach is preferred to the retrospective approach adopted in the present study so 
that the impacts of seedling quality, planting season and techniques, weather 
conditions, and post-planting care can also be assessed. This will further 
substantiate the reliability of survival rate and growth performance as useful 
selection criteria. 
The recommendation of family suitable for enrichment planting in the thesis 
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is inconclusive. More field trials are needed to ascertain the growth characteristics 
of each species and to establish the most suitable species within each family. 
It is proposed in the thesis to include nutrient use efficiency and Al toxicity 
of the species as selection criteria in the screening process. More research is needed 
to build up a scientific basis for these criteria. Should nutrient use efficiency be 
based on the early, mature or old stage of growth of the species? Similarly, it is 
likely that most plants grown on infertile, acid soils can tolerate Al toxicity to some 
extent. What shall then be the threshold of tolerance? With the advancement of 
genetic engineering, it may be possible to isolate the gene that helps the plant to 
combat Al toxicity. Nevertheless, it is risky to rely on a single criterion in the 
screening of species in view of the. different objectives of planting. Should the 
selection criteria be different for conservation, habitat protection and erosion 
control planting? 
In Hong Kong the grassy slopes is the product of fire. It may not be 
necessary to implement enrichment planting where the slopes already contain a wide 
range of grasses, shrubs and trees. If enrichment planting is required, when is the 
best time to plant? Should it be implemented immediately after fire when there will 
A. 
be no competition from weeds, or a couple of years later with the recovery of 
nitrogen in the soil? 
In Hong Kong, majority of the plantations are dominated by the exotic 
species of acacias, Lophostemon confertus and eucalypts. The understorey layers of 
these exotic plantations are either poorly developed or lacking sufficient native tree 
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species to facilitate the re-establishment of native forest (Au 2000). One way of 
accelerating this process is to introduce native tree species to the exotic plantations. 
As w e do not have any experience in this field, it is necessary to initiate research on 
the best possible means to expedite the process including the direct sowing of seeds. 
In Chapter 4, liming and organic amendment were recommended to improve 
the survival and growth performance of the native species. This is easier said than 
done in Hong Kong where the importance of conservation planting is always 
overlooked. Besides the allocation of sufficient fund to finance the project, research 
on the type, quantity and depth of application of lime and organic materials is 
needed. To what extent can the strong acidity of soil be moderated by cheap and 
freely available organic materials? Can the grasses trimmed during weeding be 
converted to useful compost and, if yes, how? 
Weed remains the greatest threat to survival of the planted species; it is a 
research topic of practical relevance to forestry management in the territory. The 
planting of 1.5-m high saplings can partially resolve the problem provided that they 
can overcome the cold, dry winter in Hong Kong, not to mention the higher cost. 
Another possibility is the use of herbicide to control the weeds around the planted 
species although this is not environmentally friendly. Are there any selective 
herbicides that can effectively contain the weeds without causing much damage to 
the environment? 
The recovery of soil is considered an important criterion in the assessment 
of ecological restoration on degraded lands (Singh and Tripathi 1992; Yu 1994). 
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The impact o f native species on soil fertility and physical properties is still a myth. � 
More research is needed for the litter chemistry, root competition, shade effect and 
nutrient cycling of the species. 
After five years of planting, there are signs that wildlife has been enhanced in 
the site. Bird nests are found on the established Myrica rubra and Schima superba 
trees. The wildlife may have a catalytic effect on the invasion of more native species 
from outside the site. It is worthwhile to follow this development through 
continuous monitoring of the site. 
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